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Regional workshop on solar and low energy architecture 

Organised by TERI North Eastern Regional Centre, Guwahati 
13-15 March 2002, Hotel Brahmaputra Ashok, Guwahati 


Workshop Report 

The three-day Regional workshop on solar and low energy architecture was held during 
13-15 March 2002 at Hotel Brahmaputra Ashok. Guwahati. The objective of the workshop 
was to create awareness about energy efficient designs by optimum use of available solar 
energy and other forms of ambient energy in building energy management and train the 
participants in the application of solar and low energy architectural concepts. There were 38 
participants comprising of architects, civil engineers and representatives of state renewable 
energy development agencies. State PWD, Universities and Research institutions from 
various parts of the Northeast. The workshop comprised of seven sessions in three days: 
inaugural session, five technical sessions and a panel discussion. 
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Inaugural session 

The inaugural session was presided over by Mr AK Baruwa, Director, Assam Science 
Technology & Environment Council (ASTEC). Welcoming the distinguished guests and the 
participants. Mr Debajit Palit, Research Associate. TERI and Coordinator of the workshop, 
briefed about the objectives of the programme. Ms Mili Mazumdar, Fellow, TERI apprised 
the audience about the building energy activities at TERI and TERI's initiatives and 
experience in design of energy efficient buildings. Mr P K Rajkhowa. Regional Chief, 

HUDCO spoke about the role played bv HUDCO in the design and construction of 
sustainable habitats. Mr Baruwa in his presidential address informed the participants about 
the initiatives taken by MNES and ASTEC in promoting solar passive buildings. He 
emphasized the need for low energy and solar passive buildings and urged the architects 
and engineers to design such buildings. The session concluded with the vote of thanks by Mr 
Debajit Palit. 

Technical Session 1 

The technical session 1 commenced with Ms Mili Mazumdar of TERI delivering a lecture on 
the topic Bioclimatic architecture in India and green buildings. Ms Mazumdar’s 
presentation included an overview of sustainable building design, climatic classification of 
India, climatic response, concept and design of green buildings and simple and advanced 
concepts of passive architecture. The speaker illustrated her talk with different case studies 
of energy efficient buildings in India. The session concluded with a presentation on blended 
cement by Mr P K Vasist of Vinay Cements Ltd. 



Day 2: 14 March 2002 


Technical Session 2 & 3 

The second day commenced with Tn’hnir,;; ■ •»; --j 

technologies in buildings ", MrSadhan M.ih.u .a; , L tu: • 
University started the day with a presenutn m n the! ; j ■ 
utilization. Mr Mahapatra detailed about tiv .it ' im 


K' unrable energy 
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its enduses. This was followed by a presentat; n n * i ir u -.it, r ru'iitm.j systems I operating 
principle, technology, manufacturing status murK^Dng and ^ t .u me. infrastructure,design 
and sizing, effect of change in angle on the i*- ?gn and detailing parameters) bv 

Mr M KChoudhury, Scientific Officer ot A»,ur, Snemv IVrhrvTtgv and Environment 
Council, Guwahati. This was followed by the ieetuie nn M*/ur photovoltaic technology- 
operating and design principles, manufacturing Mutm. emnomirv, marketing and servicing 
infrastructure by Mr Debajit Palit, Research A»ocMt»\ TKH1 NE iVntn*. The session 
concluded with Mr Saugata Dutta of Tata BP S«*lar dehvri mg i bvtui r* on the topic solatPV 
in buildings. 

The Technical session :? comprised ot pirM*nta»r m a » ,im> studies by Ms Milj 
Mazumdarand MsSakuntala Ghosh, Direct)a. Ghosh Bum* \s sorbites, Koikata. Ms 
Mazumdar discussed in detail about the building \ lighting design and landscaping of die 
RETREAT building of TERI in Gurgaon, llarvana Mr** Ghosh presented the casestudyof 
the West Bengal Pollution Control Board building in Koikata. The dav concluded with 
demonstration of VisualDOE software to the partiripanK 

Dav 3:15 March 
Technical Session 4 & 5 

The morning session of the concluding dav started with the Technical session 4 on the 
theme Low cost housing technologies". Arch iter t Bipul Ki Das of Design Nucleus. Cuwhati 
and Mr Kamesh Salam, Coordinator, Cane k Bamboo Technology Centre. Guwahati 
scussed in detail about the use of bamboo as a low energy building material, which is 
bundantly in the northeastern region. Mr Salam then showed a video presentation 
onstruction techniques of bamboo houses. A lecture on construction of low cost 
ouses using ferrocement technology was also drliwed bv Or f C Kalita. Head of the 
department of Civil Engineering, IIT-Cuwahati. The session mnrluded with the 

presentation by Mrs N Hazarika of HUDCO. who gave an overview of the different HUDCO 

sc ernes an the low cost technologies disseminated bv HUDCO through its various 
building centres. 

on d • ^ i c Sess * on ^ ec ^nical session 5) commenced with presentation by Mr D 
avMhN 7 C,Pa h Clen -' flC ° ffiCer 3nd Head (NER) ’ MNES on the financial incentives 

° f S ° lar Passive buildi n» and installation of various renewable 

desian aid' \ '' Mazumdar then presented the lecture on the topic daylighting- 
design integration with artificial lighting wherein she discussed about the design took 



tor daylight integration into buildings, daylighting components and integration of 
daylighting with artificial lighting and also presented some case studies for illustration. 


Panel discussion 

The workshop concluded with a panel discussion on the theme sustainable habitat and 

north eastern region ” with Architect Upen Kakoti in the Chair. The other panelists were Ms 

Mili Mazumdar ofTERI. Mrs Sakuntala Ghosh of Ghosh Bose and Associates, Kolkata and 

Mr D R Das of MNES. Various issues were discussed in the panel discussion and different 

recommendations were put forwarded by the participants. 

Recommendations 

1. The Ministry of Non Conventional Energy Sources (MNES) should continue their 
support for using solar and low energy features in Govt, and Semi Govt, building. The 
state renewable energy development agencies should vigorously take up the issue of 
incorporating solar passive features in buildings designed and constructed by the state 
PWD and also influence the different Govt, and Semi Govt, agencies for construction of 
solar passive buildings. 

2. Existing building bylaws in the region may be suitably amended by the Town and 
Country Planning department and development authorities to ensure integration of 
renewable energy systems such as solar water heaters in the buildings and application of 
solar passive concepts in the buildings. 

3. MNES should motivate the people through both print and electronic media for 
construction of solar passive buildings. In addition, MNES should give cent percent 
financial support for a pilot solar passive building project in the region for 
demonstration. 

4. Incentives in the form of proportionate lower tariffs may be given to hospitals, nursing 
homes, hotels etc by state electricity boards for using low energy devices. 

5. There should be close coordination between MNES, TER I, ASTEC and Association of 
Architects, Assam (.AAA) for awareness generation and implementation of projects using 
solar passive concepts. TERI and HUDCO may be requested to give technical backup 
support for construction of solar passive buildings in the region. A working group may 
also be formed with representatives of AAA. ASTEC, HUDCO and TERI for preparation 
of a proper database on climatological and environmental data for implementation of 
solar passive concepts and MNES may be approached for financial support for the same. 

6. A paper on solar and low energy architecture should be included in the curriculum of 
degree and diploma level architecture course of all university. 
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lenda 


Day 1:13 March 2002 

14:00-14 40 Registration 
14'40-15.40 Inaugural session 

Welcome address - Mr Debajit Palit. TER! 

Address - Ms Mili Mazumdar, Fellow TERI 

Address - Mr P K Rajkhowa. Regional Chief, HUDCO, Guwahati 

Presidential address - Mr A K Baruwa, Director, Assam Science, Tech & Environment Council 
Vote of thanks 
15:40-16.00 Tea 

16:00 - 17:30 Technical session I: Energy efficiency in architecture 
16:00 - 17 00 Bioclimatic architecture in India - Ms Mill Majumdar, TERI - Delhi 
17:20 - 18:00 Blended cements - Mr P K Vasist, Chief Marketing Officer, Vinay Cements Ltd 
18:00-19:00 High tea 

Day 2:14 March 2002 

10:00-13:00 Technical session II: Renewable energy technologies in buildings 
10:00-10 35 Principles of solar energy and its utilization- Mr S Mahapatra, Lecturer, Tezpur University 
10:35-11 10 Solar water heating system- technology, design, sizing & case studies to highlight 
architectural integration- Mr M K Choudhury, Scientific Officer, ASTEC, Guwahati 
11-10 -11.25 Tea 

11:25-12.00 Solar Photovoltaic systems- Mr Debajit Palit, Research Associate, TERI - Guwahati 
12:00-13.00 Solar PV in buildings - Mr Saugata Dutta, Head- Eastern Region, Tata BP Solar India Ltd 
13:00-14 00 Lunch 

14.00-17:00 Technical Session III: Case studies 

14 00-14 40 RETREAT- An energy efficient building - Ms Mill Majumdar, Fellow, TERI- Delhi 
14:40-15 15 WBPCB building - Ms Sakuntala Ghosh, Ghose Bose & Associates, Kolkata 
15:15-15.30 Tea 

15:30-16.30 Demo on VisualDOE software - Ms Mill Majumdar, TERI- Delhi 

Day 3:15 March 2002 

10.00-13.00 Technical Session IV: Low cost housing technologies 

10:00-10 50 Bamboo. A low cost & low energy construction material -Mr Bipul Das, Architect, Guwahati 
10:50-11 '20 Bamboo housing around the world - Mr Kamesh Salam - Coordinator, CBTC, Guwahati 
11:20-11 30 Tea 

11:30-12:30 Construction of low cost houses- Dr U C Kalita, Head, Civil Engg, Dept, IIT Guwahati 
12:30-13:00 Innovative construction technology and alternative building material - HUDCO 
13:00-14:00 Lunch 

14.00-15.00 Technical Session V 

14:00- 14:20 Financial incentives by MNES - Mr D R Das, PSO & Head, MNES NE Regional office 
14:20-15.00 Day lighting architecture and energy efficient lighting— Ms Mili Majumdar, TERI- Delhi 
15:00-16.30 Panel discussion: Sustainable habitat and North eastern Region 
16:30 -16:40 Wrap up and Tea 
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Traditional Architecture and Use of Energy 
Conserving Concepts in Modern Buddings 

N. K. Bansai 


Introduction 


Over many centuries examples of building 
design and building techniques have been 
developed in regions with different climatic 
conditions, resulting in structures that provide 
varying levels of comfort inside the building 
space without the use of any sophisticated 
technical device. As in various parts of the 
world, vernacular architecture in India general¬ 
ly exhibits the indigenous use of locally avail¬ 
able materials and techniques, to build 

Energy Efficienct Features and 
Concepts 

An examination of traditional buildings brings 
out many attractive features of design, which 
are valid even for contemporary architecture. 

Leh, the capital of Ladakh, has very cold 
climatic conditions with low precipitation. The 
common material used for building is mud 
with very thick walls. This construction helps 
to reduce the temperature variation indoors, in¬ 
spite of the large diurnal fluctuations of am¬ 
bient temperature. The living areas here are 
usually on the first floor. The ground floor is 
meant for the animals and the second floor is 
for the kitchen. The living space is thus 
sandwiched between the two heat sources (Fig. 
1). Another common feature of most houses in 
Leh is very small openings so the heat losses 
are reduced. The kitchen is used as the daytime 
living space in these regions, to benefit from 
warmth of the cooking stove. 

Another striking example of climatic con¬ 
scious building design is the vernacular architec¬ 
ture in the hot and dry regions of Rajasthan 
(Fig 2). The building form in this region 
results in minimum surface area and heavy 
insulation in the form of thatch on the roof. 


buildings that are adapted to local climatic con¬ 
ditions. As discussed earlier, the climate in 
various parts of India ranges from extremely 
hot desert conditions to high altitude locations 
with severe, cold conditions. Very broadly, 
India can be divided into six climatic zones. A 
study of vernacular architecture brings out 
many concepts and design patterns relevant for 
energy efficient building design. 



FI* 1: Passive features for cold climates. 

• Increase of solar heat gain 

- by facing the longer side towards south, to catch 
maximum sun in winter 

- by providing a sheltered verandah for use on sunny 

days 

• Increase of internal heat gain 

- by utilizing heat from cattle accommodated below 
the living space 

- by utilizing the kitchen stove as a fireplace and 
placing the living room between two warm spaces 
(cattle room and kitchen) 

• Decrease of heat loss 

- by low entrances to cattle room and living spaces 

- by reducing exposure to cold winter breeze, with 
canvas hung around the verandah, creating a buffer 
zone 

- by locating the house on the feeward side of a hill 

• Balance of temperature fluctuations 

- by thick stone/mud walls 



Traditional Architecture and Use of Energy Conserving Concepts 



Top tied by rope 

Straw tied as a bundle 

Thatch roof 

Wooden rafter 

Sandstone slabs as walls 
with mortar joints 



Fig. 2: Passive features for hoi and dry climate. 

* Reduction of solar heat gain 

- by small surface-to-volume ratio, achieved by circular plan of house 

- by partial shading of walls, by overhanging eaves and fence (on the east side) 

- by avoiding openings other than the door 

* Reduction of heat transmission to the interior 
“ by thermally insulating thatch roof 

- by wind'breaker/fence for protection against hot winds 

* Increase of heat loss 



Fig. 3: Passive features for warm and humid climate. 

• Reduction of solar heat gain 

- by roof overhang 

• Reduction of internal heat gain 

by locating the kitchen outside the house 

• Increase of heal loss 

- by raising the structure on stilts 

- by ventilation through walls 

- by light roof 
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FI* 4: Passive features for cold and cloudy climate. 

• Decrease of heat loss 

- by high thermal insulation of walls and roof 

- by providing only small doors and openings to reduce air infiltration 

- by providing a wind-shaded pit 

- by providing a small exposed surface area in the form of a vault-shaped structure 

With such construction, the interception of form of an inverted catenary so that the loads 

solar radiation is reduced and then the trans- are transfered to the foundation and the rain 

mission of heat through the roof is minimized, water drains off immediately (Fig. 4). 

Here too, the openings are very small to avoid Even in the urban context, Rajasthani ar- 
heai-gain through hot winds during the day. chitecture shows characteristics of climatic 

The people also build wind barriers to reduce conscious building design. Mutual shading, 

wind speeds. During the night time, people overhangs, orientation, courtyards, large sur- 

sleep outdoors. face areas for increasing radiation losses 

In warm and humid climates along the during the night and many other aspects are 

coast, people build light houses with large useful for increasing energy efficiency in 

openings to facilitate natural ventilation. The buildings in the contemporary context, 

roofs are sloped for easy drainage of rainwater The following concepts can be listed for 
(Fig. 3). heating, cooling and combined heating and 

In the cold and cloudy conditions of North- cooling. 

Eastern India, people build their huts in the 

Concepts for Heating in Cold Regions 

In cold regions where the inside spaces need face-to-volume ratio, reduced air infiltration 

heating, the first step is to use concepts of and shelter from cold winds are a few concepts 

building design which result in reduction of that help to reduce heat losses in buildings, 

heat losses. The use of thermal insulation, ad- After an architect has conceived a design to 
vance windows, building forms with low sur- reduce heat losses to the maximum possible. 
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the next step is to increase solar heat gain in 
the buildings. Orientation of the building, par¬ 
ticularly of windows, can play a major role in 
reducing heating energy demand in buildings. 
Of course the windows in this case have to be 
constructed with insulated glass or even ad¬ 
vance glazing systems. The use of different 
glazing systems and transparent insulation 
has been one of the major technological ad¬ 
vances in recent years. Many countries, like 
France and Holland, have introduced advance 


windows commercially with governmental 
support. 

Passive heating techniques, like a thermal 
storage wall, Trombt wall, attached green¬ 
house, etc. have been used in many buildings 
all around the world with positive results. The 
performance of each of these passive concepts 
depends upon the climate and the type of 
building and the architects have to understand 
each of them in this context before applying 
them in a building design. 


Concepts for Cooling in Hot Climatic Conditions 


For achieving natural cooling for buildings in 
hot climates, there are basically three prin¬ 
ciples that have to be used intelligently by the 
architect. 

1. Reduce the solar radiation that reaches the 
building envelope; 

2. Reduce the heat transmission through the 
building envelope; 

3. Increase heat losses from the building by 
convection, radiation and evaporation. 

In order to reduce the amount of solar radia¬ 
tion that reaches the building, the natural way 
is to use the shade of neighbouring buildings 
and vegetation, to provide overhangs and louv¬ 
res and even use reflecting surfaces wherever 
possible (taking care to avoid causing glare). 
Sometimes a boundary of shrubs or trees 
around the house is very useful to effectively 
reduce the speed and even the temperature of 
the incoming hot winds. 

After the designer has done his best to 
reduce the interception of solar radiation, the 
next natural step is to reduce the heat trans¬ 
mission into the building. In this context the 
use of air cavities and thermal insulation is 
very well known. However, one has started 
thinking of using ventilated cavities which can 
provide for removal of the transmitted heat 
more effectively. Such cavities were built in a 
few old buildings at Jaisalmer, but their effect 
has not been quantified yet, particularly for the 
cooling. 


Once the heat has been transmitted into the 
building, it has to be removed and discharged 
to the outside. The most natural way to remove 
heat is by ventilation. The arrangement of win¬ 
dows a>ain plays a vital role in this regard. 
The use of counyards is an effective way to 
discharge heat and to create natural ventilation 
and is common practice in many countries. Ad¬ 
ditionally, wind towers and air vents have been 
used effectively in Persian architecture. 

It is a well known fact that the temperature 
of the earth a few meters below the surface is 
constant and normally equal to the annual 
average temperature of the ambient air. It is 
due to this that cellars are cooler in summer 
and wanner in winter. Building underground 
has been one of the traditional ways of protec¬ 
tion from the scorching heaL. Additionaiy, an 
underground tunnel can be used to cool the am¬ 
bient air. The ambient air is drawn into this 
tunnel and the cooled air is then discharged 
into the building. Efforts are going on to op¬ 
timize this system, especially in Germany. 

The thermal capacity of the building 
material results in a delay of the entry of heat 
and in red icing the temperature amplitude (dif¬ 
ference between maximum and minimum 
temperature). The thermal storage effect in¬ 
creases with increasing compactness, density 
and specific heat of the materials. This is the 
reason whv the temperature of the ocean fluc¬ 
tuates over only a small range during the year. 
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whereas a thin metal sheet immediately as¬ 
sumes the temperature of the ambient air. All 
building elements, such as walls, roof and floor 
can be used for thermal storage. In order to 
dampen the effect of diumal variations in the 
exterior environment and thus maintain the in¬ 
ternal temperature at a relatively constant 
value, a heavy wall is used. This wall can store 
heat and has the ability to resist heat flow. The 
most effective way of maximizing these two 
properties in a building is to use a combination 


of material with a large thermal capacity tcon- 
crete, brick etc.} and a material with low ther¬ 
mal capacity but with high resistance to heat 
flow (such as expanded polystyrene;. Insula¬ 
tion is an ideal way to reduce the effect of diur¬ 
nal temperature fluctuations. 

In hot and dry climatic conditions, evapora¬ 
tion of water is a very effective way of cooling 
the outdoors as well as indoor. These concepts 
have been used very effectively in the past as 
well as in contemporary architecture. 


Concepts for Both Heating and Cooling 


In mixed climatic conditions, where cooling in 
summer and heating in winter is needed, the 
concepts of both heating and cooling are 
relevant. The building, however, has to be 


heavy to balance the temperature fluctuations. 
Overhangs and louvres should be provided in¬ 
telligently to shade the building in summer and 
yet allow exposure to the winter sun. 


Conclusion 


The concepts, design patterns and materials 
used in the traditional architecture in India and 
elsewhere in the world have become more 
relevant in the present time because of extreme 
pressure on infrastructure, particularly energy 
and environment. An architect, though aware 
of their use, finds it difficult to size and quan¬ 


tify them in designing a building in the absence 
of proper tools. The result, therefore, is that 
such buildings perform much below their ex¬ 
pected performance. There is an urgent need 
to provide tools to quantify and size many of 
these concepts. The tools need to be simple and 
easily useable by a building architect/designer. 




Buiiding Energy Requirements in Different 
Climatic Zones of India 

N. K. Bansal 

Centre For Energy Studies. Indian Institute of Technology, Haur Khas. New Delhi 110016 


1. Introduction 


^Electricity consumption in buildings is ap¬ 
proximately twenty five per cent of the total 
consumption in the country. The distribution 
for various uses differs for commercial and 
residential buildings (Fig. 1). It is a well 
known fact that during peak summer and 
winter periods, the gap between demand and 
supply of power increases due to heavy 
demands of cooling or heating energy. In 
modem Indian buildings, which are air-condi¬ 
tioned, the specific energy consumption is 
rather high. In western countries, efforts are 


being made to bring down the annual energy 
consumption' to the level of 50 kWh/mT- 
Such drastic reductions are possible * 
through a series of measures in the builjjj y 
design, selection of building materials 
building components and also through ^ 
choice of the system apart from methods 
controls and users' aspects. In this papc r 
essentially concentrate on the design ^ 
material aspects and quantify the possible 
gy savings in different climatic conditj Q 
prevailing in the country. ^ 


Commercial sector 
Total consumption s 21.6 billion kW h 


Residential sector 
Total consumption s 36.0 billion kW h 



Pig, 1: Energy consumption by buildings in India. 


Building Energy Requirements in Different Climatic Zones of India 

2. Climatic Zones 


India possesses a large variety of climates 
ranging from extremely hot desert regions to 
high altitude locations with severe cold condi¬ 
tions. On the basis of monthly mean data 
recorded at 233 stations, located in all parts of 
India, it was found convenient to divide the 
country into six climatic zones (Fig. 2). The 
representative locations chosen for studying 
the effect of efficient windows are Leh (Cold 
and Sunny), Shillong (Cold and Cloudy), Delhi 
(Composite), Jodhpur (Hot and Dry), Madras 
(Warm and Humid) and Bangalore (Moderate). 
The numbers of degree-days for each of these 
representative locations (with set point 
temperature of 20 *C) are given in Table 1. 

Energy gains/losses take place through win¬ 
dows, walls, roof and floor and in addition ven¬ 
tilation losses contribute to the energy 
consumption for heating/cooiing especially in 
an air-conditioned building. A typical distribu¬ 
tion of annual energy demand (thermal) for 
cooling for a 100 nr floor area building in 
Delhi type of mixed climatic conditions is 
given in Fig. 3. There are a number of passive 
means which may result in reduced energy 
consumptions. The exact amount will vary 
from building to building, but some estimates 
due to these measures are given in Table 2. 



Table 1: Degree days for representative locations of different climatic zones in India (set point temperature = 20*C) 



Leh 

Shillong 

Delhi 

Jodhpur 

Madras 

Bangalore 

January 

880 

326 

178 

93 

140* 

0 

February 

714 

232 

90 

0 

163* 

87* 

March 

620 

124 

81* 

161* 

245* 

174* 

April 

432 

33 

238* 

310* 

312* 

219* 

May 

313 

12 

419* 

447* 

394* 

214* 

June 

183 

0 

430* 

429* 

372* 

129* 

July 

81 

0 

430* 

429* 

372* 

129* 

August 

81 

0 

347* 

316* 

332* 

100* 

September 

207 

0 

279* 

282* 

290* 

100* 

October 

413 

84 

183* 

236* 

251* 

100* 

November 

582 

201 

0 

78* 

174* 

51* 

December 

766 

298 

133 

421 

143* 

0 


* Cooling degree days. 
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n«. 3: Annual energy demand in a building of 100 m 2 
plinth area (Delhi). 

Insulation in walls and roof along with 
sealed insulated glazed windows reduce the 


peak load and annual energy consumption very 
significantly. Another important characteristic 
that determines the peak load is the thermal 
capacity or the storage capability. A building 
with thermal capacity has inertial effects 
resulting in time lag and reduction of peak 
heating and cooling load (Fig. 4), thus reducing 
the capacity of heating or cooling equipment. 

In addition to building design and construc¬ 
tion details, the energy consumption in a build¬ 
ing is influenced by weather parameters such 
as ambient temperature, sky conditions, rain¬ 
fall, solar radiation etc. However, out of these 
parameters ambient temperature and solar 
radiation are most important. The evaluation 
of solar radiation on building facades has been 
the subject of considerable scientific and prac¬ 
tical work. However, it is possible now to 
predict the amount of solar radiation incident 
on various facades with reasonable accuracy. 
The effect of energy consumption in buildings 
can be accurately evaluated only by thermal 
simulation programmes. 


3. Base Case: Single Zone Building 

To simulate the effect of different measures in ing/cooling load as well as the annual energy, 
the building envelope to reduce the peak heat- we consider a single zone building (Fig. 5) 

Table 2: Percentage change of various aspects in energy consumption in buildings 
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TIME LAC IN HOURS 



Fig. 4; Heal flow me in buildings with and without thermal capacity. 


Table 3: Specific energy consumption (normalized to 
floor area) (kWWm 2 a) 



Single 

glazing 

Double 

glazing 

% gain 

Leh(CS) 

550 

446 

19% 

Shillong (CO 

136 

110 

19% 

Delhi (CO) 

240 

194 

19% 

Jodhpur (HD) 

265 

215 

19% 

Madras (WH) 

325 

264 

19% 

Bangalore (MO) 

133 

108 

19% 


with single and double glazed windows in the 
south oriented wall and occupying 15% of the 
wall area. The specific energy consumption 
using the degree day method corresponding 1 to 
various climatic conditions is given in Table 2. 

It is evident from the table that the saving 
by using double glazed windows is the same 
(19%) in all the climatic conditions, the reason 
being that this method does not take the 
capacity and the dynamic behaviour of the 
building into account. The dynamic simulation 


Table 4: Expected load reduction through different energy saving measures in different climatic conditions 


Case 

No 

Cases 


Annual Cooling/Heating Energy Demand (kWh) 



Delhi (CO) 

Jodhpur 

(HD) 

Bombay 

(WH) 

Bangalore 

(MO) 

Simla* 

(CC) 

Leh* (CS) 

1 

Base case [brick wall, RCC roof, 
south window (20% floor area) 
achs|, set pt*24) 

3.763 

3.831 

2.998 

2.086 

2.229(set 

pi * 18) 

5.392 (set 

pi * 18) 

2 

1 + double glazed windows 

3.629 

3.640 

2.938 

2.054 

2.058 

5.027 

3 

1 + cavity roof 

3.278 

3.393 

2.568 

1.781 

1.993 

4.963 

4 

3 + cavity walls 

2.703 

2.875 

.'..100 

1.470 

1.689 

4.265 

5 

1 + roof insulation 

2.504 

2.751 

1.866 

1.392 

1.703 

4.329 

6 

1 + cavity walls + roof insulation 

1.957 

2.237 

1.397 

1.160 

2.413 

5.518 

7 

Case 1 but window is in north 

3.778 

3.834 

3.010 

2.061 

2.413 

5.518 

8 

Case 1 but ach = 3 

3.949 

4.196 

3.069 

2.241 

2.353 

5.638 

9 

1 + insulation on walls and roof 

1.242 

1.579 

(-.861 

0.889 

0.970 

2.344 

10 

1 but set pt * 26 (16 for heating) 

3.319 

3.370 

2.564 

1.649 

1.817 

4.979 


Heating 
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Fig. 5: A simple, single zone building with normal construction used as an example. 


mode! takes into account the storage effect that 
the building possesses. This effect is generally 
ignored in a/c load calculations and therefore 
higher capacities of air conditioning systems 
are proposed. 

The building has been simulated by using a 
sophisticated dynamic simulation model DOE 
2.1 E. The total peak load comes out to be 
3.763 kW for cooling with component-wise 


contribution given in Fig. 6 alongwith the ener¬ 
gy consumption also. The figure corresponds 
to Delhi type of mixed climatic conditions 
where no occupancy, no equipment and no 
lighting has been considered. From the figure 
it is clear that there is a vast potential of energy 
saving by using suitable wail and roof ele¬ 
ments. In an office building, however, the 
equipment (about 300 VA per person) also 
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20 % 


Fig. 7a: Peak load = 6.592 kW. Fig. 7b: Annual energy = 38652 kWh. 

contributes significantly by increasing the load and annual energy consumption at least 
cooling load and the annual energy consump- for cooling. 

tion (Fig. 7). The relative importance of win- From the point of view of building design, 
dows in this case is much less. Roofs and walls however, we have concentrated on a building 
which can resist heat and the energy efficient which is not occupied and simulated it for dif- 
equipment, can substantially lower the peak ferent climatic zones and for. different varia- 
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Table 5: Specific energy consumption and percentage savings by energy conserving measures in different climatic con¬ 
ditions (Figures in parentheses show the percentage reduction) 


Case 

No 

Cases 


Annual Cooling/Heating Energy Demana (kWh/m 2 a) 


Delhi (CO) 

Jodhpur 

(HD) 

Bombay 

(WH) 

Bangalore 

(MO) 

Simla * (CC) 

Leh* (CS) 

1 

Base case 

440.82 

485.46 

489.39 

178.46 

119.86 

674.29 



(-) 

(-) 

(-) 

(-) 

(-) 

(-) 

2 

! + double glazed windows 

431.43 

469.43 

480.64 

183.07 

104.96 

617.75 



(ZD 

(3.3) 

(1.8) 

(-2.6) 

(12.4) 

(8.4) 

3 

1 ♦ cavity roof 

392.68 

442.18 

435.43 

150.43 

109.71 

633.43 



(10.9) 

(8.9) 

(11.0) 

(15.7) 

(8.5) 

(5.8) 

4 

3 + cavity walls 

326.39 

376.61 

363.71 

124.96 

96.79 

566.79 



(26.0) 

(22.4) 

(25.7) 

(30.0) 

(19.2) 

(15.9) 

3 

1 + roof insulation 

310.46 

370.00 

339.75 

104.32 

98.61 

379.64 



(29.6) 

(23.8) 

(30.6) 

(41.5) 

(17.7) 

(14.0) 

6 

1 ♦ cavity walls -»■ roof 

244.82 

304.96 

268.07 

79.64 

86.61 

515.32 


insulation 

(44.5) 

(37.2) 

(45.2) 

(55.4) 

(27.7) 

(23.6) 

7 

Case 1 but window is in 

432.36 

473.54 

478.89 

17X11 

137.39 

686.89 


north 

(1.9) 

(2.5) 

(2.1) 

(3.6) 

(-14.6) 

(-1.9) 

8 

Case 1 but ach = 3 

452.7 

516.21 

499.71 

179.04 

131.14 

720.11 



(-2.7) 

(-6.3) 

(-2.1) 

(-0.3) 

(-9.4) 

(-6.8) 

9 

1 + insulation on walls and 

145.71 

204.57 

153.04 

51.39 

60.96 

398.54 


roof 

(-2.7) 

(57.9) 

(68.7) 

(71.2) 

(49.1) 

(40.9) 

10 

I but set pt » 26 (16 for 

343.61 

377.71 

360.82 

90.43 

73.68 

574.29 


heating) 

(22.1) 

(2X2) 

(26 J) 

(49.3) 

(38.5) 

(14.8) 


* Heating 

tions of roof, wail construction, windows and 
also computed the effect of raising the set point 
temperature of the a/c equipment from 24 *C 
to 26 *C for cooling and from 20 *C lo 16 *C 
for heating purposes. The peak load for cooling 
and heating at different locations, which rep¬ 
resent various climatic zones are given in 
Table 4 and the corresponding specific energy 
consumption rationalized in terms of kWh per 
sq. m of floor area are given in Table 5. Some 
of the observations that are important from the 
point of view of energy efficiency through 
building designs are: 

1. Double glazed windows are much more ef¬ 


fective in cold climatic conditions where 
heating is required. 

2. A cavity in roof and walls can reduce the 
peak load between 20% to 29%. In ex¬ 
treme climates, a cavity is less effective. 

3. Provision of insulation in walls and roof 
(about 5 cm of glass wool) can reduce the 
load between 50% to 67%. For cooling re¬ 
quirements, the effect of insulation is 
more. 

Tolerating higher or cooler temperatures in 
summer and winter respectively (26*C instead 
of 24*C and 16*C instead of 20*C) can save 
energy consumption between 15 to 22%. 


4. Conclusions 


The results presented in this paper for a single sumption are illustrative but conclusive in the 
zone building with 20% windows towards the sense that buildings which are kfcpt at nearly 
south for peak load and specific energy con- constant temperature by using heating or cool- 
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ing devices need to be insulated for saving on 
the capacity of the hcating/cooling machine as 
well as on the annual energy consumption* In 
cold climates, the windows should preferably 
be sealed and double glazed. In multi-storeyed 
buildings, the effect of windows could be much 
more than for the simplified version presented 
in this paper. Provision of a cavity itself can 
reduce energy consumption by at least 20%. 
The architects should keep this in mind while 
designing roof and wall details. In non-condi- 


tioned buildings also, these measures will help 
in better comfort conditions. 

One point needs to be stressed very strong, 
ly. This is. that our conditioned buildings are 
very energy intensive in comparison to build- 
ings in the west. In the west, specific energy 
consumption is about IDO kWh/m 2 a and in 
contrast we consume about 400 kWh/m 2 a in 
terms of primary' energy We need to check this 
extravagance. 
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Abstract 

The importance of energy conservation and increasing use of renewable sources of energy in the 
transition to a sustainable development has already been recognized in the country. During the past 
quarter of a century 7 , a significant thrust has been given to the development, trial and inclusion of a 
variety' of technologies which can meet our energy needs on a sustainable basis and are environmentally 
acceptable. This paper presents one such initiative by the Ministry of Non-Conventional Energy 
Sources. 

Key words: Solar passive architecture, energy efficiency, low energy materials, renewable energy 
technologies 

Introduction 

The building sector in our country is one of the largest energy consuming sectors. In modern 
buildings significant amount of energy is consumed to keep the built environment comfortable. 
Energy consumption for production of building materials and construction of buildings is also 
significant. The purpose of constructing a building is to provide a shelter- an artificial environment 
which is more conducive for human occupancy than the natural environment. It is expected to be 
aesthetically appealing. Modern architecture with its many significant achievements is, however, 
more inclined to energy intensive solutions to achieve these objectives. 

Like any other developing economy, in India also, with increasing standards of living, the 
energy' consumption in the building sector has been progressively increasing. As population grow 
and become more urbanized, there would be increasing activities in the building sector for 
construction and also for adequate arrangements for comfort of the built environment. This would 
demand larger share of energy in an already strained energy supply scenario of the country. 

Since the required energy is mainly derived from fossil fuels, the building sector has become 
a major perturbing factor to the environment. The energy related perturbation is contributed by 
green house gas (GHG) emissions and emissions of acid rain precursors like sulpher dioxides and 
nitrogen oxides. Air-conditioning and refrigeration contributes to emissions of ozone depleting 
substances (ODS). The environmental impact resulting from the energy consumption in the building 
sector has, of late, become a global concern. 

In this scenario introduction of energy' efficient building design concept has become critical 
to achieving the collective objectives of energy security and environmental protection which in turn 
can ensure economic and social development. 

Energy Efficient Building Design Concept 

Energy efficient building design is essentially an integrated approach. The available options in 
architectural intervention, building materials, a\ ailable technologies and design methodologies are 


required to be carefully evaluated to minimize energy usage and provide cost effective solutions. The 
purpose is to achieve total comfort with the least amount of conventional energy input. This would 
save scarce fossil resources and result in concomitant environmental benefits. Not only the new 
building stock can be targeted but also retrofitting of the existing buildings with newer technologies 
can result reduction of energy consumption in large number of cases. The various options, which are 
available for achieving the above objectives, are as follows: 


Solar passive techniques 

Passive solar techniques capture adequate solar energy for heating the building during the winter 
and provide for shading from the sun during the summer. The initial approach is to provide a 
suitable orientation with respect to the sun. Vegetation, overhangs, awnings or sunscreen 
accomplishes optimum solar designs. To reject heat in a hot climate, natural sinks are used and 
ventilation wherever required is maximized. The useful daylight is harnessed through appropriate 
windows and skylights and more recently through light shelves. 

Many of the solar passive techniques based on traditional wisdom date back to ancient 
times. Over hundreds of years in various geographical regions of the world, main of these 
techniques have progressively got refined. This traditional architectural concept offers a more 
comfortable built environment compared to conventional structures. With recent advances in 
computational aids, more accurate and site specific designs are now possible. As a result of efforts 
made in many countries of the world including ours to promote this technology, a host of new 
techniques and materials (advanced glazings, storage materials, light pipes, fibre optics etc.) are now 
available expanding the opportunities for wider applications of the technology. 

Energy efficiency 

Increasing insulation levels in conditioned buildings is regarded as the most cost-effective 
investment in energy efficiency. Thermal insulation of external walls, roof and floor and double 
pane windows can reduce energy consumption for space heating by lowering heat losses through the 
envelope of the building. Energy consumption for cooling can also get reduced because of lesser heat 
gains from outside through the envelope. 

For cold climate a newer development is ‘transparent insulation material' (TIM). As the 
name suggests TIMs are characterized by their ability to transmit solar radiation while providing 
sufficient insulation against heat losses. 

Air conditioning (AC) and refrigeration technologv is undergoing major changes because of 
increasing environmental consciousness and decreasing energ\ availability. The change is towards 
higher efficiency and better environmental acceptabilit\, Efficient AC system and strategic energy 
conservation measures must be adopted to reduce energy consumption of a building due to cooling. 
Solar cooling systems based on vapour absorption refrigeration, though technically feasible has so 
far failed to achieve economic competitiveness. Further R&D is in progress. 

Energy efficient lights consume considerably less electricity than an incandescent lamp for 
producing the same light. Its cost is high but lasts for longer duration and the running cost is less. 
Such lamps are now available m variety of wattages. As electricity is efficiently being converted to 
light in these energy efficient lamps, the amount of heat generated is significantly less. 



Solar Buildings Programme of MNES 

The concern for energ) scarcity and the environmental problems associated with consumption of 
energ} in the building sector have resulted m continued interest in energv efficient building design. 
For about two decades, the Ministry of Non-Conventional Energv - Sources (MNES) has been working 
on the possibility of using solar energv - in the building sector for reducing energy consumption in 
buildings through climate responsive designs and providing clean renewable energy sources to meet 
part of the energy loads of buildings. Since 1994 through a comprehensive Solar Passive 
Architecture Programme, MNES has undertaken several activities to promote energv efficient 
building design concept in the country. The programme is currentlv known as the Solar Buildings 
Programme. 

The primary objective of the Solar Buildings Programme is to promote energy efficient 
building designs through optimum use of available solar energy and other forms of ambient energy 
in building energy management. The programme has several components namely Research & 
Development, Training & Education, Awareness creation and Demonstration [4], 

Research & development 

R&D projects are sponsored by the Ministry at universities, national laboratories and other research 
institutions with the objective of developing suitable design techniques and concepts, software 
packages, architectural instruments, materials, thumb rules etc. for solar efficient buildings. 

An important requirement for designing an energy efficient building is to have adequate 
knowledge of the climatic conditions of the given location. In order to provide this information to 
the building designers, through a sponsored research project, the information on climatic 
parameters collected by the meteorological stations of the India Meteorological Department (IMD) 
over the years was analysed and presented in a concise form. In the study, on the basis of monthly 
mean data recorded in 233 stations located in different parts of India, the country has been classified 
into six climatic zones[5J. This classification has further been used to evolve suitable design 
guidelines for buildings in different climatic zones [6], Computer softwares have also been 
developed to help designing a building in harmony with the nature and in the process to make it a 
low energv - building by optimizing use of the available solar and other ambient forms of energy. 

Through another sponsored project ambient design conditions have been developed for 52 
stations m India as per ASHRAE (1997) format [7J. Weather database for different climatic regions 
in the country have also been developed in standard formats acceptable to most applications. 

Training & education 

Under this programme workshops and seminars are being organized throughout the country for 
creating awareness, generating public interest and providing inputs about the technolog} to 
engineers, academicians, scientists, planners, builders, students and potential house owners. 
Orientation courses are regularly being organized for architects to make them familiar with the new 
developments and to motivate them for adopting solar efficient building design concepts. 

Training & education is one of the major actions to disseminate the available knowledge on 
the subject. Since the inception of the programme, more than 70 such training programmes have 
been organized in different parts of the country. Every year around 10 such programmes are 
targeted. The programmes include both One-da} Workshops and Seminars and Orientation Courses 
of 3-5 days duration. These programmes are normally being organized by research institutes, 



Energy efficient glazings (insulating glasses, solar controlled glazings, low-e glazings etc.) 
can contribute for efficient utilization of energy in three ways- by reducing the capacity of installed 
air conditioning system, by lowering the electricity consumption for its operation and by reducing 1 
the electricity consumption due to lighting by the optimal use of natural daylight in buildings which 
are used during daytime. 

The above mentioned energy management techniques are often more cost effective in providing 
a given level of energy services than any energy supply strategy [1]. Specifications of the glazings, 
however, are required to be defined and matched to the particular requirements and environmental 
strategy of each building. 

Renewable energy technologies , 

Solar water heaters currently available in the market can generate hot water at 60-80 C and can 
conveniently be used for building requirements. The technology is fairly mature and economically 
viable. It can affect considerable saving of electricity. The technology has already found success in 
market penetration in western and southern parts of the country. 

Solar air heaters can supplement heating requirement of a building during daytime. In cold 
and sunny climate, these can be used extensively to reduce demand of electricity and firewood for 
space heating. Old buildings can also be retrofitted with solar air panels very easily. 

Solar electricity can be generated by integrating solar cells in buildings, on roofs and 
facades, or by installing grid connected photovoltaic (PV) power plants. It is an expensive 
proposition where grid connected electricity is available. However, for locations where conventional 
electricity is not available or the grid is far away, it makes an ideal alternative [2]. PV power plant 
offers a number of advantages compared to conventional electricity. It provides the energy security. 
Inclined roofs if oriented in the right direction, for instance, are an ideal support structure for PV 
modules, and construction costs can be minimized. Grid connected plants offers the possibility of 
supplying surplus amounts of PV electricity to the national grid. 

Low energy materials and methods for building construction 

An analysis of the ‘embodied energy* of a range of different building materials, construction 
methodologies and building type suggests that the energy requirement for constructing a building can 
represent many times the energy used by the building in a single year of operation (3). For an energy 
efficient structure, it is therefore necessary to closely examine the issue of building materials and to take 
an appropriate decision. The rules for decision making for selecting materials for construction in an 
energy efficient way as suggested by Robert Vale [3] are giv en in Table 1. 


Table 1: Selecting materials for construction 
Rules for Decision Making 

• Where two materials exist that will perform the same function for the same price, choose the less toxic of 
the two 

• Wherever practicable choose materials that are unrefined and as close as possible to their natural state 

• Use local materials wherever possible, the heaviest materials should be obtained from the closest sources 

• Design for minimum energy consumption and maximum longevity 



universities, colleges of architecture, engineering colleges, state nodal agencies, and other 
professional organizations. Necessary financial support for organizing these programmes/courses is 
provided by the Ministry. Some of these programmes are general in nature and some are focussed. 
While the programmes with general contents impart basic understanding, highlight benefits and 
enthuse the general public, the more focussed programmes help educating a group of professionals 
and also the knowledge base in the area is crystallized [8]. 

One of the objectives of this programme is also to develop a suitable curriculum to be 
introduced in the schools of architecture. 

Demonstration 

To demonstrate the concept of solar buildings, the Ministry is promoting design and construction of 
solar buildings in government and semi government sectors. Under the Demonstration Programme a 
number of energy efficient buildings have already been constructed. A list of these buildings is given in 
Table 2. A number of other buildings are in the process of design. The energy requirement of a specific 
building depends on the type of building (residential, commercial institutional), microclimate of the 
building site, building material & construction, annual hours of use, requirement of hot water and 
installations for heating, cooling and lighting. In these demonstration buildings, constructed in different 
climatic zones of the country, an energy efficient approach has been adopted to meet the above 
requirements wherever possible. 


Table 2: MNES supported 

Energy Efficient Buildings 

Cold & Cloudy Climate 

Composite Climate 

• State Bank of Patiala, Shimla 

• Urja Bhavan, Bhopal 

• Minister's residence, Shimla 

• School of Energy & Environmental Studies, DAV, 

• Judges' Houses, Shimla 

Indore 

• MIA Hostel, Shimia 

•Solar Energy Centre, Gwalpahari 

• 200 Bed Hospital at Khaneri 

• RETREAT Building, TERI, Gwalpahari 

• HP Cooperative Bank, Shimla 

• PEDA building, Chandigarh (under construction) 

• Nirman Bhavan Shimla 

Warm & Humid Climate 

• Himurja building, Shimla 

• WBREDA Building, Calcutta 

• Nirman Bhavan, Shimla (under construction) 

Hot & Dry Climate 

• HPWD Rest house, Kotgarh (under construction) 

• Solar Passive Hostel, Jodhpur 


An important outcome of the demonstration projects is development of a group of experienced 
architects and consultants in the area. These personnel would utilize their experience in many other 
projects they would be associated with subsequentl}. The multiplier effect has already been 
observed. A number of energy efficient buildings have already been constructed in the country 
through private initiatives^]. 

Awareness creation 

Awareness programme envisages creating awareness about the technologs - through popular 
literatures, publication of books for architects and engineers, publicity through \ arious media etc. 
Under this programme the Ministry has brought out various publications (Table 3). 





Table 3: Publications on Energy Efficient Buildings 

‘Climaticzones and rural housing in India 

* Passive building design - a handbook of natural climatic control 
‘ Energy efficient lighting & day lighting in buildings 

* Weather data & design conditions for India 

* Manual on solar passive architecture 

* Energy efficient buildings in India 

* Representative designs of energy efficient buildings in India 

Planned 

*A special issue of Urja Bharati on solar architecture 
‘Energy efficient windows 

*A manual on earth air tunnel_ 


Promotional Incentives 

To encourage various government and semi government organizations for constructing their new 
buildings on the basis of solar design principles, the Ministry pro\ides partial financial assistance to 
the extent of 50% (upto a maximum of Rs.50000), for preparation of Detailed Project Reports 
(DPRs) of such buildings and also 10% of the cost of construction (up to a maximum of Rs.1000000) 
of the buildings in government and semi government sector only. 

The Ministry has also been implementing a soft loan programme for solar water heaters 
under which loans at reduced interest rates are available to the customers from 1REDA and seven 
designated public sector banks (Canara Bank, Union Bank of India, Bank of Maharashtra, Syndicate 
Bank, Punjab National Bank, Punjab & Sind Bank & Andhra Bank). 

The Karnataka State Electricity Board (KSEB) had introduced a rebate of 5 paise per unit in 
electricity tariff for homes using solar water heaters (SWHs) in 1997. The rebate has been increased 
to 15 paise from 2000. The Rajasthan State Electricity Board (RSEB) has similarly introduced a 
rebate of 5 paise per unit in the electricity' tariff for consumers of domestic category' who are using 
solar water heaters(2000). 

Regulatory Measures 

Based on the progress made in the development of technologies related to energy efficiency in the 
building sector, the central and a few state governments have initiated the following regulatory' measures 
for wider applications of these technologies: 

• All buildings in the Government sector in HP situated above 2000 metres to incorporate features of 
solar passive technology in their designs (2000) 

• A model draft for making SWHs mandatory in several categories of buildings including residential 
buildings having morethanlSO sq. m plinth area have been formulated and circulated to all State 
Government for modifying building bye laws (1999). 

•The Government of Rajasthan has made SWHs mandatory in various functional buildings including 
residential plots of more than 500 sq.m, area (2000) 

•The states of AP, Haryana, HP, MP, Punjab, Rajasthan and UTof D&NH have made SWHs 
mandatory in state sector buildings. 




Conclusion 

From the above discussions, it is evident that the activities undertaken so far could create to some 
extent awareness regarding energy efficiency in the building sector. With increasing number of 
buildings being designed constructed and used, new information is continuously being generated. 
Performance evaluation of a few such buildings in various climatic locations has also been 
undertaken. The sector is a promising one and is expected to be developed further in a faster rate 
with the cooperation of architects, engineers, consultants and policy makers. 
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Abstract 

Modem buildings with their air conditioning and elaborate lighting systems are immensely energy 
intensive. Such buildings are also responsible for peak load demand in urban conglomerates. It is 
possible to reduce electrical load of such buildings and achieve energy efficiency through judicious 
design of HVAC and lighting systems. In recent y ears, an array of energy efficient window 
technologies has emerged which can reduce the air conditioning load of the buildings, save 
electricity and minimize environmental pollution. In this paper, various types of energy efficient 
glazings, their potential for AC load reduction, environmental impact and economics have been 
discussed. 

Key words: Air-conditioned buildings, Energy efficient windows. Electricity saving, 

Environmental emissions, Demand side management 

Introduction 

Air-conditioning is a major electricity end use. In India, it is progressive!) registering a larger share 
in electricity consumption because of a stead) - growth of the sector. Apart from high consumption of 
electricity, it adds substantially to the utility' peak load and has already become a cause of concern for 
load management in urban conglomerates. Further growth of the sector will have significant effect 
on the power situation of the country. 

Air-conditioned (AC) buildings in India are much more energy intensive compared to the 
buildings in industrialized countries. One of the main reasons of this inefficiency is large heat 
gains/losses through the windows and other glazed areas of the buildings. As in other parts of the 
world, in India also there has been a steady increase in glass-to-opaque wall ratio especially in 
commercial and institutional buildings. Though extended glazed openings are expected to provide 
natural daylighting but ordinary glazing systems with their energetically inappropriate use have only- 
necessitated in high AC loads and resulted in higher electricity consumption. 

Energy efficient windows (EEWs) with their high thermal insulating values and spectral 
selectivity can make the air-conditioning systems work more effectively. This can lead to reduction 
in AC loads, lower consumption of electrical energy and reduction in peak load demand 
(Bandyopahdyay, 2001). 




Windows 

Windows are architectural requirements of a building and have to perform various functions that 
include: 

• View and visual contact with the outside world 

• Sufficient day light 

• Natural ventilation 

• Direct sun in the winter. 

• Aesthetics. 

The magnitude of these functions varies in accordance with the climatic conditions. The successful 
design of a window depends on the optimization of one function against the other. The type of the 
building, its utilization pattern, the microclimate of the site, the traditions and the social or cultural 
environment in which the building exists influence the above criteria. The budget for the constru¬ 
ction of the building is another overriding parameter for consideration (Bandyopadhya), 1994). 

In our country in an AC building, to minimize unwanted heat gains and losses through windows 
and also to avoid glare of daylight, normally some controlling devices are used. The traditional 
window control systems, which are often used, include: 

• Interior shading devices such as shades, drapes, blinds etc. 

• Fixed exterior shading devices such as overhangs, fins etc. 

• Operable exterior sun control devices such as operable fins, louvers, shade s> stems etc. 
These are primarily based on the need to provide comfort, privacy and aesthetics. Observed 
practices and some studies, however, suggest that operable options are rarel) used in an energy 
efficient manner. These obstruct the outside view and do not allow the da\light to come in. As a 
result even during the day when sufficient solar light is available, artificial lights are used inside the 
AC buildings. The artificial lighting systems not onlv consume energ> but also contribute to the 
cooling load of the building. The lights used in manv such buildings are often not energv efficient. 

We visualize a normal window as a frame made up of materials like wood, steel, aluminum 
or vinyl and covered with one or two glazings. A glazing is a transparent or translucent material 
used to cover the solar aperture. Conventional windows use clear glass as glazing. Sun is the 
principal source of heat and light for a building. The energy of the sun is received as the 
electromagnetic radiation with waves of varying lengths. Solar radiation, which is received on the 
earth, extends from 290 nm to 3000 nm. It can be broadly divided in three wavelength regions: 
Ultraviolet Radiation (UV) : 290 nm to 400 nm 

Visible Light (VIS) : 400 nm to 770 nm 

Near Infrared radiation (NIR) : 770 nm to 3000 nm 

The energy contained in the UV and VIS region is around 47% and that of NIR region is 53% of the 
total solar energy received on the earth. Glasses are partially transparent (t\picall> 80 to 85%) 
throughout the near ultraviolet, visible and near infrared regions that compose the solar spectrum; 
but are practicalh opaque to longer wave thermal radiation. The functional characteristics of a 
glazing are shown in Fig.l. 

The following are the characteristic parameters that describe the basic functions of a glazing: 

Visible transmission (T,): The percentage of visible light (400-’ 7 00 nm) that is transmitted through 
the glazing. 

Solar heat gain factor (F): The portion of directlv transmitted and absorbed solar energy that enters 
into the interior of the building. 




Thermal transmittance (Li): A measure of the rate of non-solar heat gain or loss through the glazing. 
It is expressed in units of Watt/Sq.m.C (W/m-* C). 
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Fig. I The functional characteristics of a glazing 


Energy efficient windows 

Now a days, advanced glazings with innovati\e coatings and improved designs are available for 
energy conservation (Granqvist, 1991; Lampert 1989). These energy efficient glazings help 
minimizing unwanted solar gains in summer as well as heat losses in winter while maximizing the 
amount of useful day light in buildings. As a result, these windows, when appropriately used, can 
provide thermal comfort and energy efficiency. The \ arious types of ad\ anced glazings, which are 
available today, are as follows: 

Insulating Glasses: 

Windows are available with multiple glazings separated by a desiccant filled spacer and sealed with 
an organic sealant. These windows provide a heat barrier through insulating air cavity between glass 
layers. Gases filled glazings with better thermal performance are also av ailable. 

Solar Control glazings: 

The primary objective of these glazings is to control the entry of solar heat and light in the building. 
These are essentially non-selective metallic films that are deposited on glass or poly mer substrates. 
Off late new material combination and coating processes have contributed in development of unique 
products. In these techniques, solar control is achieved either by absorptive process or by reflective 
process. The resultant glazings are available as heat absorbing glasses and heat reflecting glasses. 
Low-emissivity glazings: 

Energy and light control characteristics are uniquely demonstrated by Low-e (low emissivityO type of 
optical coatings. These optical coatings are normally applied to glass or plastic glazing materials and 
act as selective surfaces, which mean the radiative properties of these coatings are qualitatively 
different within different parts of the relevant electromagnetic spectrum. As a result, these glazings 
reduce heat gain or loss in a building by redirecting the heat. In addition these glazings offer greater 
light transmission, low reflection and reduce heat transfer. 




Super windows 

These are essentially combinations of insulating glasses and solar control coatings and/or low-e- 
coatings with appropriate frames. The super windows have low solar transmission and lower radiant 
heat transmission. These windows are expensive but offer an excellent opportunity for areas that 
experience unusual seasonal climatic variation. 

Smart Windows 

The properties of the glazings described above are static. But as both the heat and light conditions 
change continuously, it is desirable to have glazings with dynamic properties. This means that the 
glazings can automatically modify their properties in response to the outside conditions. As a result 
of continuous R&D prototype of eleetrochromic glazings are now a\ ailable. These glazings can be 
switched from clear to reflective by changing the applied voltage m response to a control \ ariable 
such as incident solar radiation. Such glazings have the potential of providing better solar control 
than the ones described above. 

AC load reduction potential 

A simple energy balance of a window system shows that the net heat flow per unit area (Q) through 
the glazing can be written as 

Q = Q S +Qk (1) 

Where Q* is the solar heat gain and Qk is the thermal gain due to temperature gradient between 
outside and inside of the building. 

For a glazing system, a solar heat gain factor (F) is defined as the solar flux transmitted b) a 
3 mm clear glass plus the portion of the absorbed radiant flux that is transferred indoors. 

F = + qi (2) 

Where T,. is the solar transmittance and q, is the secondary heat transfer co-efficient. For the usual 
dear window glass, the solar heat gain factor gives the solar heat gain directly when multiplied by 

the incident solar radiation (H). For fenestration other than standard clear glass solar heat gain is 
given by 

Q* = F x SC x H ( 3 ) 

Shading co-efficient (SC) basically compares the solar control performance of different glazings. 

The shading co-efficient of a glazing is the ratio of solar heat gain through the glazing to the solar 
heat S3in through a single layer of 3 mm clear sheet glass under the same set of conditions. From 
the definition, it is clear that the shading co-efficient is a unitless quantity, the v alue of which lies 
between 0 and 1 . The lower the value of SC, the less solar heat it transmits. The reciprocal of 
shading co-efficient essentially gives the information about the extent of infrared and thermal shield¬ 
ing, which a particular solar control glazing can provide in comparison with a 3 -mm clear sheet 
glass. 

To take into account the composite effect of the visible transmittance and the shading co- 
efficient, a new parameter titled ‘Coolness factor (k,)’ is now defined as the ratio of visible 
ansmittance and the shading co-efficient. 

kf = Tv / SC ( 4 ) 

If the coolness factor (kv) is greater than 1 , the glazing is considered to be ‘selective’ and would 
perform better in a hot climate than a similar glazing with a lower k,. 

As a generalized case, now we can write 

Q = D>q t ) SC x H + U (To-T,) 


(5) 



Since air-conditioning is an energy intensive application, it is appropriate to use the concept 
of Total Equivalent Warming Impact (TEWI) to assess the environmental impact. TEW1 is the sum 
of direct releases (refrigerant emissions) and indirect releases (CO 2 emissions for production of 
electricity required by the equipment during its lifetime). Through this concept energy efficiency of 
the equipment is taken into account. As discussed above, reduction of AC load and lesser 
consumption of electricity due to incorporating energv efficient windows in a building will reduce 
the green house gas emission to a great extent. Downsizing the capacity of the equipment will also 
require lesser amount of refrigerants. 

From a detailed analysis of TEWI concept, it can be seen that incorporating energy efficiency 
in air conditioning systems through all possible means is a s ery important step to combat 
environmental pollution arising out of the air-conditioning equipment. 

Economics 

Energy efficient windows are widely used in countries of Europe, USA and .Japan. As there is 
considerable production and demand, prices have come down to a reasonable level in these 
countries. However, as the availability of the product is still not widespread elsewhere, the cost may 
vary - (Evan Mills, 1999). The investment for incorporating energy efficient windows in an air- 
conditioned building, in our country, therefore, may be considerably higher than ordinary windows. 

The higher initial investment can be justified if the cumulative energy savings pay it back in 
a reasonable time period. Normally the ‘pay-back-period’ is calculated in number of years required 
for the sum of fuel savings to become equal to the cost of investment. The interest on the 
investment, and fuel cost escalation are taken into account. For a new building, the additional 
investment on energy efficient windows, howe\ er, can often be partially neutralized by the reduction 
of cost of the resultant downsized air conditioning loads. The pay back period then is expected to be 
very less. For a more accurate economic analysis, it is necessary' to place a monetaiy value on other 
benefits accrued over the lifetime of this product. In this case, it is the environmental benefits 
discussed earlier. These benefits, if can be converted to monetaiy value, can be substantial. 

Conclusion 

It is seen that widespread use of energy efficient windows can contribute for efficient utilization of 
energy in three ways: 

(i) by reducing the capacity of installed air conditioning system for the same output service 
resulting in reduced load to the utility'. 

(ii) By lowering the electricity consumption for operating the air-conditioning system. 

(iii) By reducing the electricity consumption due to lighting by the optimal use of natural 
daylight in buildings which are used during daytime. 

The above mentioned energy management techniques are often more cost effective in providing a 
given level of energy services than any energy supply strategy. In addition, these windows provide a 
better comfort condition inside the building improving the productivity and health of the occupants. 
These windows act as excellent sound barriers and shield the interior from UV radiation. 

Both the future and the existing stock of air-conditioned buildings in India represent a potential area 
of energy conservation activity. The energy efficiency results in concomitant reduction of net 



U is the co-efficient of thermal transmittance of the glazing (W/rn^K) and T 0 and T, are respectively 
the outside and inside temperatures of the building. The sign of the above equation depends on the 
time of the day and the season. The performance characteristics of typical glazings are given below: 


Table 1: Performance Characteristics of a Few Typical Glazings 


Glazing Type 

SC 

T v 

k* 

U (W/m 2 K) 

Single glazing 

1 00 

0.91 

0 91 

6 46 

Double glazing 

0 82 

0.78 

0 95 

3 31 

Heat reflecting with plastic 

0.56 

0 74 

1 32 

2 50 

Tinted glass (Green) 

0.72 

0 75 

1 04 

6 45 

Tinted glass(Green)+ clear glass 

0 58 

0 66 

1 14 

3 37 

Low-e coating with glass 

0.67 

0 74 

1 10 

1 94 

Low-e double glazing 

0 85 

0 78 

0 92 

_2.27 


The above equation (no.5), when read in conjunction with the values depicted in Table 1, clearly 
shows that in a warm climate the heat gain Q can substantially be reduced when appropriate glazings 
with desirable properties are used. It is essentially by adjusting SC and U and keeping in view the 
requirement of daylight. Similarly in a cold climate, it is possible to maximize Q by manipulating the 
solar spectrum and minimizing heat losses to the outside. This would make it possible to design a 
HVAC (Heating, ventilation & air-conditioning) system with considerable reduced loads. Because of 
their selective properties, these glazings will allow daylight to come inside the building and the \iew 
through the windows will not be hindered. 

It is now possible to carry out simulation on energy demand of a building at a particular 
climate and to find out the glazing types that must be used for optimum output. A design exercise 
undertaken will clearly indicate the glazing types in different orientations, the lighting system, 
roof/wall insulation and the HVAC capacity to be installed. It is, however, always desirable to 
incorporate climate responsive building design principles at the initial stage of building design. 

Environmental impact 

Chlorofluorocarbons (CFCs) are widely being used for refrigeration and air-conditioning 
applications since 1930s. The chlorine atoms of these halogenated hydrocarbons react with the 
ozone present in stratosphere and result in depletion of ozone layer. Ozone holes allow the harmful 
ultra-violet rays to reach the surface of the earth. The Montreal Protocol (1987) on phasing out of 
ozone depleting substances (ODSs) including CFCs and its subsequent amendments (London, 1990 
and Copenhagen, 1992) has lead to the ban on manufacture of CFCs in most of the countries of 
Europe, USA and Japan. According to the protocol, the developing countries have to meet these 
requirements by 2010 AD. CFCs are also green house gases (GHGs) and contribute to global 
warming. The Global Warming Potential (GWP) for the CFCs is high (Aneja & Sethi, 1999). 

HCFC-22 has currently been accepted as a transition solution. HCFCs are, therefore, known 
as ‘bridge refrigerants’ since their phase-out dates are extended upto 2040 AD. HCFCs also contain 
chlorine but in much smaller amount than CFCs. Asa result, these new refrigerants ha\e\er\ little 
ozone depletion potential. But HCFCs do contribute to the green house effect. 




environmental emission. Thus energy efficient windows can be offered as a DSM (Demand Side 
Management) option to the electric utilities. 
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Energy efficiency in architecture: an overview of 
design concepts and architectural interventions 


JBuildings, as they are designed and used today, contribute to serious 
environmental problems because of excessive consumption of energy and 
other natural resources. The close connection between energy use in build¬ 
ings and environmental damage arises because energy-intensive solutions 
sought to construct a building and meet its demands for heating, cooling, 
ventilation, and lighting cause severe depletion of invaluable environmental 
resources. 

However, buildings can be designed to meet the occupant s need for 
thermal and visual comfort at reduced levels of energy and resources con¬ 
sumption. Energy resource efficiency in new constructions can be effected by 
adopting an integrated approach to building design.The primary steps in this 
approach are listed below. 

■ Incorporate solar passive techniques in a building design to minimize load on 
conventional systems (heating, cooling, ventilation, and lighting) Passive 
systems provide thermal and visual comfort by using natural energy 
sources and sinks, e.g. solar radiation, outside air. sky. wet surfaces, veg¬ 
etation, and internal gains. Energy flows in these systems are by natural 
means such as radiation, conduction, and convection with minimal or no 
use of mechanical means. The solar passive systems vary from one climate 
to the other. For example, in a cold climate, an architect's aim would be to 
design a building in such a way that solar gains are maximized, but in a 
hot climate, the architect’s primary aim would be to reduce solar gains, 
and maximize natural ventilation. 

■ Design energy-efficient lighting and HVAC (heating, ventilation, and air- 
conditioning) systems Once the passive solar architectural concepts are 
applied to a design, the load on conventional systems (HVAC and lighting) 
is reduced. Further, energy conservation is possible by judicious design of 
the artificial lighting and HVAC system using energy-efficient equipment, 
controls, and operation strategies. 

■ Use renewable energy systems (solar photovoltaic systems / solar water heating 
systems) to meet a part of building load The pressure on the earth s non¬ 
renewable resources can be alleviated by judicious use of earth s renewable 
resources, i.e. solar energy. Use of solar energy for meeting electrical needs 
of a building can further reduce consumption of conventional forms of 
energy. 

■ Use low energy materials and methods of construction and reduce transportation 
energy An architect should also aim at efficient structural design, re¬ 
duced use of transportation energy and high energy building material 
(glass, steel, etc.) and use of low energy building materials. 

Thus, in brief, an energy-efficient building balances ail aspects of energy 
use in a building - lighting, space-conditioning, and ventilation - by provid¬ 
ing an optimized mix of passive solar design strategies, energy-efficient 
equipment, and renewable sources of energy. Use of materials with low 
embodied energy also forms a major component in energy-efficient building 
designs. 



E-fgy efficiency in architecture an overview 


Architects can achieve energy efficiency in the buildings they design by 
studying the macro and microclimate of the site, applying bioclimatic archi¬ 
tectural principles to combat the adverse conditions, and taking advantage of 
the desirable conditions. A few common design elements that directly or 
indirectly affect thermal comfort conditions and thereby the energy con¬ 
sumption in a building are listed below. 

■ Landscaping 

■ Ratio of built form to open spaces 

■ Location of water bodies 

■ Orientation 

■ Planform 

■ Building envelope and fenestration. 

However, in extreme climatic conditions, one cannot achieve comfortable 
indoor conditions by these design considerations alone.There are certain 
tested and established concepts, which, if applied to a design in such climatic 
conditions, are able to largely satisfy the thermal comfort criterion. These are 
classified as advanced passive solar techniques.The two broad categories of 
advanced concepts are (1) passive heating concepts (direct gain system, 
indirect gam system, sunspaces. etc.) and (2) passive cooling concepts 
(evaporative cooling, ventilation, wind tower, earth-air tunnel, etc.). 

The commonly considered design elements for achieving lower energy 
consumption in a building are discussed below. 

Landscaping . 

Landscaping is an important element in altering the microclimate of a place. 
Proper landscaping reduces direct sun from striking and heating up building 
surfaces. It prevents reflected light carrying heat into a building from the 
ground or other surfaces. Landscaping creates different airflow patterns and 
can be used to direct or divert the wind advantageously by causing a pressure 
difference. Additionally, the shade created by trees and the effect of grass and 
shrubs reduce air temperatures adjoining the building and provide 
evaporative cooling. Properly designed roof gardens help to reduce heat loads in 
a building. A study shows that the ambient air under a tree adjacent to the wall is 
about 2 "C to 2.5 "C lower than that for unshaded areas (Bansal. Hauser, and 
Minke 1994). 

Trees are the primary elements of an energy-conserving landscape. Cli¬ 
matic requirements govern the type of trees to be planted. Planting decidu¬ 
ous trees on the southern side of a building is beneficial in a composite 
climate Deciduous plants such as mulberry or Champa cut off direct sun 
during summer, and as these trees shed leaves in winter, they allow the sun 
to heat the buildings in winter This landscaping strategy has been adopted to 
shade the southern side ot the RETREAT (Resource Efficient TERI Retreat for 
Environmental Awareness andTraining) building ofTERI 
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A The RETREAT building lias deciduous trees on the south side to cut off summer gams. These trees shed leaves during winter so that 
winter solar gains are not cut off. Wind breaks are provided in the north and north-east to protect from the winter winds 


Building form/surface-to-voiume ratio 

The volume of space inside a building that needs to be heated or cooled and 
its relationship with the area of the envelope enclosing the volume affect the 
thermal performance of the building. This parameter, known as the S/V 
(surface-to-volume) ratio, is determined by the building form. For any given 
building volume, the more compact the shape, the less wasteful it is in gain- 
lng/losing heat. Hence, in hot and dry regions and cold climates, buildings 
are compact in form with a low S/V ratio to reduce heat gain and losses, 
respectively. Also, the building form determines the airflow pattern around 
the building, directly affecting its ventilation. The depth of a building also 
determines the requirements for artificial lighting-greater the depth, higher 
the need for artificial lighting. 

Location of water bodies 

Water is a good modifier of microclimate. It takes up a large amount of heat 
In evaporation and causes significant cooling especially in a hot and dry 
climate. In humid climates, water should be avoided as it adds to humidity. 
Water has been used effectively as a modifier of microclimate in the WALMI 
(Water and Land Management Institute) building complex In Bhopal. 
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Orientation 

Building orientation is a significant design consideration, mainly with regard 
to solar radiation and wind. In predominantly cold regions, buildings should 
be oriented to maximize solar gain; the reverse is advisable for hot regions. In 
regions where seasonal changes are very pronounced, both the situations may 
arise periodically. For a cold climate, an orientation slightly east of south is 
favoured (especially 15 degrees east of south), as this exposes the unit to 
more morning than afternoon sun and enables the house to begin to heat 
during the day. 

This has been amply demonstrated in the MLA Hostel building at Shimla. 
Similarly, wind can be desirable or undesirable. Quite often, a compromise is 
required between sun and wind orientations. With careful design, shading 
and deflecting devices can be incorporated to exclude the sun or redirect it 
into the building, just as wind can be diverted or 
directed to the extent desired. 

Building envelope and fenestration 

The building envelope and its components are key determinants of the 
amount of heat gain and loss and wind that enters inside The primary ele¬ 
ments affecting the performance of a building envelope are 

■ materials and construction techniques 

■ roof 

■ walls 

* fenestration and shading 

■ finishes. 
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A flit.' building blocks m me MLA Hostel. Sbimla. located in me cold and cloudy ;one. are oriented due 
south (tl5 degrees) tor duect solar gam. Ihev are spaced apart so as lo eliminate snadows of one 
building over the other, even lor me longer winter siiauows. It was proposed that all beorooms be south- 
facing to avail of the benefit of south exposure 


Materials and construction techniques 

Material with low embodied energy 

Choice of building materials is important in reducing the energy content of 
buildings. Strain on conventional energy can be reduced by use of low-energy 
materials, efficient structural design, and reduction in transportation energy. 
The choice of materials also helps to maximize indoor comfort. Use of 
materials and components with low embodied energy has been demon¬ 
strated in various buildings in Auroville. The Visitors Centre at Auroville 
uses innovative materials and construction techniques to reduce embodied 
energy of the building and attain the desired comfort conditions conducive 
to the warm and humid climate. 

Thermal insulation 

Insulation is of great value when a building requires mechanical heating or 
cooling insulation helps reduce the space-conditioning loads. Location of 
insulation and its optimum thickness are important. In hot climates, insula¬ 
tion is placed on the outer face (facing exterior) of the wall so that thermal 
mass of the wall is weakly coupled with the external source and strongly 
coupled with the interior (Bansal, Hauser, and Minke 1994). 

Use of 40-mm thick expanded polystyrene insulation on walls and 
vermiculite concrete insulation on the roof has brought down space*condi- 
tioning loads of the RETREAT building by about 15%. 
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Sectional details showing use of alteinative construction techniques Ferrocemeru sola* emmney and 
ventilation duct in corbelled arch demonstrates use ol passive soiai ventilation tecnmques 


Table 1 Energy contents of commonly used building materials 

Building 

EJements/matenals 

KWh/m 3 {\n situ) 

Cement concrete 

1:5:10 

402 

Lime concrete with brick ballast 

1:4:8 

1522 (80% in brick) 

Brick masonry 

1:5 

676 

Brick masonry 

1:4 

709 

Random rubble masonry 

1:4 

267 

Stabilized mud with 6% lime 

- 

197 

Stabilized mud with 10% lime 

- 

320 

RCC roof (10 cm) 

- 

174/m 2 

Stone slabs in RCC joists 

- 

132/m 2 

Cement plaster 

1:4 

20.65/m 2 

Cement plaster 

1:6 

15.09/m 2 

Lime surkhi 

1:4 

11.05/m 2 


Source Gupta (1994) 
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Roof 

The roof receives significant solar 
radiation and plays an important role in 
heat gain/Iosses, daylighting, and 
ventilation. Depending on the climatic 
needs, proper roof treatment is essen¬ 
tial. In a hot region, the roof should 
have enough insulating properties to 
minimize heat gains. A few roof protec¬ 
tion methods are as follows. 





* fci - 4 +•> ■ 







i* .i* mu m t . 


A Roof details showing use of earthern pots 
for roof insulation 


Broken China mosaic can oe used as too- 
most layer in roof for reflection of incident 
radiation 


'M *< I 


■ A cover of deciduous plants or creep¬ 
ers can be provided. Evaporation 
from leaf surfaces will keep the 
rooms cool. 

■ The entire roof surface can be cov¬ 
ered with inverted earthen pots. It is 
also an insulating cover of still air 
over the roof. 

■ A removable cover is an effective 
roof-shading device. This can be 
mounted close to the roof in the day 
and can be rolled up to permit 
radiative cooling at night. The upper 
surface of the canvas should be 
painted white to minimize the radia¬ 
tion absorbed by the canvas and 
consequent conductive heat gam 
through it. 

■ Effective roof insulation can be 
provided by using vermiculite con¬ 
crete. This has been used in the 
RETREAT building at Gual Pahan 
(near New Delhi) and has reduced 
roof conduction by 60%. 



A 

The skylight on the mof of the West Bengal 
Renewable Energy Development Agency 
office building provides natural light for mnei 
office spaces and is connected to the office 
spaces for inducing vent lation oy stack 
effect 
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The roof can also be used advantageously for effective ventilation and 
daylighting by incorporating vents and skylights. This has been demonstrated 
effectively in the recently constructed office building of the WBREDA (West 
Bengal Renewable Energy Development Agency) in Kolkata. 

Walls 

Walls are a major part of the building envelope and receive large amounts of 
solar radiation.The heat storage capacity and heat conduction property of 
walls are key to meeting desired thermal comfort conditions. The wall thick¬ 
ness, material, and finishes can be chosen based on the heating and cooling 
needs of the building. Appropriate thermal insulation and air cavities in walls 
reduce heat transmission into the building, which is the primary aim m a hot 
region. 

Air cavities 

Air cavities within walls or an attic space in the roof ceiling combination 
reduce the solar heat gain factor, thereby reducing space-conditioning loads. 
The performance improves if the void is ventilated. Heat is transmitted 
through the air cavity by convection and radiation. A cavity represents a 
resistance, which is not proportional to its thickness. For a thickness >20 mm, 
the resistance to heat flow remains nearly constant. Ventilated air does not 
reduce radiative heat transfer from roof to ceiling. The radiative component 
of heat transfer may be reduced by using low emissivity or high reflective 
coating (e.g. aluminium foil) on either surface facing the cavity. With alu¬ 
minium foil attached to the top of ceiling, the resistance for downward heat 
flow increases to about 0.7 m z k/W, compared to 0.21 m 2 k/W in the absence 
of the foil (Bansal, Hauser, and Minke 1994). 

Fenestration and shading 

Of all the elements in the building envelope, windows and other glazed areas 
are most vulnerable to heat gain or losses. Proper location, sizing, and detail¬ 
ing of windows and shading form an important part of bioclimatic design as 
they help to keep the sun and wind out of a building or allow them when 
needed. 

The location of openings for ventilation is determined by prevalent wind 
direction, Openings at higher levels naturally aid in venting out hot air. Size, 
shape, and orientation of openings moderate air velocity and flow in the 
room; a small inlet and a large outlet increase the velocity and distribution of 
airflow through the room. When possible, the house should be so positioned 
on the site that it takes advantage of prevailing winds. The prevailing wind 
direction is from the south/south-east during summer.The recommendations 
in IS;3362-1977 code of practices for natural ventilation of residential 
buildings (first revision) should be satisfied in the design of windows for 
lighting and ventilation.There should be sufficient air motion in hot-humid 
and warm-humid climates In such areas, fans are essential to provide com¬ 
fortable air motion indoors. Fenestrations having J5%-20% of floor area are 
found adequate for both ventilation and daylighting in hot and dry. and hot 
and humid regions. 

Natural light is also admitted into a building through glazed openings 
Thus, fenestration design is primarily governed by requirements of heat gain 
and loss, ventilation, and daylighting.The important components of a win¬ 
dow that govern these are the glazing systems and shading devices 
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Glazing systems 

Before recent innovations in glass, films, and coatings, a tvpicai residential 
window with one or two layers of glazing allowed roughly 75%-85% of the 
solar energy to enter a building. Internal shading devices such as curtains or 
blinds could reflect back some of that energy outside the building. The 
weak thermal characteristics of windows became a prime target for research 
and development in an attempt to control the indoor temperature of build¬ 
ings. A detailed write-up on energy-efficient glazing system is provided in 
Appendix V. 

Windows admit direct solar radiation and hence promote heat gain.This is 
desirable in cold climates, but is critical in hot climates.The window size 
should be kept minimum in hot and dry regions. For example, in 
Ahmedabad, if glazing is taken as 10% instead of 20% of the floor area, then 
the number of uncomfortable hours in a year can be reduced by as much as 
35% (Nayak, Hazra. and Prajapati 1999). 

Shading devices 

Heat gain through windows is determined by the overall heat loss coefficient 
U-value (W/m 2 K) and the solar energy gam factor, and is much higher as 
compared to that through solid wail. Shading devices for windows and walls 
thus moderate heat gains into the building. In a low-rise residential building 
In Ahmedabad (hot and dry climate), shading a window by a horizontal 0.76-m 
deep chhajja can reduce the maximum room temperature by 4.6 °C (from 
47.7 to 43.1 *C). Moreover, the number of uncomfortable hours in a year 
with temperatures exceeding 30 "C can be reduced by 14% ((Nayak, Hazra. 
and Prajapati 1999). 

Shading devices are of various types (Bansai. Hauser, and Minke 1994). 

1 Moveable opaque (roller blind, curtains, etc.) can be highly effective in 
reducing solar gains but eliminate view and impede air movement. 

2 Louvres (adjustable or fixed) affect the view and air movement to some 
degree. 

3 Fixed overhangs. 

Relative advantages and disadvantages of these shading devices are given 
below. 

Moveable blinds or curtains 

■ Block the transmission of solar radiation through glazed windows, espe¬ 
cially on the east and west walls 

■ In hot and dry climates, when ambient air is hotter than room air. they 
help to reduce convective heat gain 

■ In warm, humid climates, where the airflow is desirable, they impede 
ventilation 

■ For air-conditioned buildings, where the flow of outside air is to be 
blocked, they can reduce cooling load. 

Overhangs and louvres 

■ Block that part of the sky through which sunlight passes 

■ Overhangs on south-oriented windows provide effective shading from the 
high-altitude sun 

■ An extended roof shades the entire north or south wall from the noon sun 


The office building for the'West ^ 
Bengal Pollution Control Board is 
jianomaikoi eneigyamr 
^source conscious architecture 
m this region. Efficient planning 
and carefully designed shading 
devices, fenestration design and 
efficient lighting design has 
oi ought about 40'#i energy 
savings over a conventional 
ouiidmg of similar size and 
function This picture shows the 
east facade wnn inclined louvres 
to cut off solnr gams 


■ East and west openings need much bigger overhangs, which may not be 
possible and can be achieved by porticos or verandahs on these sides or by 
specially designed louvres to suit the building requirements. 

The scientific design of fenestration and shading devices in the West 
Bengal Pollution Control Board building has brought down the projected 
energy consumption substantially (TERI 1996). 

Finishes 

The external finish of a surface determines the amount of heat absorbed or 
rejected by it. For example, a smooth and light colour surface reflects more 
light and heat in comparison to a dark colour surface. Lighter colour surfaces 
have higher emissivity and should be ideally used for warm climate. 

Advanced passive heating techniques are used by architects in building 
design to achieve thermal comfort conditions in cold climate Passive solar 
heating systems can be broadly classified into direct gain systems and 
indirect gain systems 

Direct gain 

Direct gain is the most common passive solar system. In this svstem. sunlight 
enters rooms through windows, warming the interior space.The glazing 
system is generally located on the southern side to receive maximum sunlight 
during winter (in the northern hemisphere).The glazing system is usually 
double-glazed, with insulating curtains to reduce heat loss during night. 
South-facing glass admits solar energy into the building, where it strikes 
thermal storage materials such as floors or walls made of adobe, brick, con¬ 
crete, stone, or water. The direct gain system uses 60%-75% of solar energy 
striking the windows. The interior thermal mass tempers the intensity of heat 
during the day by absorbing heat. At night, the thermal mass radiates heat 
into the living space, thus warming the spaces. 


Advanced passive 
heating techniques 
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"ne direct gam s^btem ol trie 
jliowali riouse. The picture 
. flights me fully glazed waits lor 
oay-use rooms from msiae 




Direct gain can be achieved by various forms of openings such as 
clerestories and skylight windows designed for the required heating. 

Direct gain systems have been used for dav-use rooms by architect Sanjay 
Prakash in the residence for Mohmi Mullick at Bhowali.The user is ex¬ 
tremely satisfied with the thermal performance of the direct gain system in 

this residence. 

Direct gain systems have some limita¬ 
tions. They cause large temperature savings 
(typically 10 °C) because of large variations 
in input of solar energy. In direct gain 
systems, the interior of the house receives 
direct sunlight, which results in the degra¬ 
dation of the interior furnishings, etc. 
However, being relatively simple to con¬ 
struct and inexpensive, they are by far the 
most common systems used worldwide. 



indirect gain system 

In an indirect gain system, thermal mass is located between the sun and the 
living space. The thermal mass absorbs the sunlight that strikes it and trans¬ 
fers it to the living space.The indirect gain system uses 3096-45% of the 
sun’s energy striking the glass adjoining the thermal mass. A few commonly 
used indirect gam systems are discussed below. 

Trombe wall 

ATrombe wall Is a thermally massive wall with vents provided at the top and 
bottom. It may be made of concrete, masonry, adobe, and is usually located 
on the southern side (In the northern hemisphere) of a building in order to 
maximize solar gains. The outer surface of the wall Is usually painted black 
for maximizing absorption and the wall is directly placed behind glazing with 
an air gap in between. 

Solar radiation is absorbed by the wall during the day and stored as sensi¬ 
ble heat. The air in the space between the glazing and the wall gets heated up 
and enters the living spaces by convection through the vents. Cool air from 
the rooms replaces this air. thus setting up a convection current.The vents 
are closed during night, and heat stored in the wall during the day heats up 
the living space by conduction and radiation. 

Trombe walls have been extensively used in the cold regions of Leh. 
Various forms ofTrombe walls have been tried and tested in the LEDeG 

Hostel at Leh. , , 

Ills worth noting that in buildings with thermal storage walls, indoor 
temperature can be maintained at about 15 'C when the outside temperature 

is as low as -11 ’C (Mazria 1979). , cn 

Generally, thickness of the storage wall is between 200 mm and 450 mm 
the air gap between the wall and glazing is 50-150 mm. and the total area of 
each row of vent is about one per cent of the storage wall area (Levy. Evans, 
and Gardstein 1983). The Trombe wall should be adequately shaded for 
reducing summer gains. 
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Water wall 

Water walls are based on the same principle as that forTrombe walls, except 
that they employ water as the thermal storage material. A water wall is a 
thermal storage wail made up of drums of water stacked up behind glazing.lt 
is usually painted black to increase heat absorption. It is more effective in 
reducing temperature swings, but the time lag is less. 

Heat transfer through water walls is much faster than that forTrombe 
walls. Therefore, the distribution of heat needs to be controlled if it is not 
immediately required for heating the building. Buildings that work during 
daytime, such as schools and offices, benefit from the rapid heat transfer in 
the water wall. Overheating during summer may be prevented by using 
suitable shading devices. 

Roof-based air heating system 

In this technique, incident solar radiation is trapped by the roof and is used 
for heating interior spaces. In the northern hemisphere, the system usually 
consists of an inclined south-facing glazing and a north-sloping insulated 
surface on the roof. Between the roof and the insulation, an air pocket is 
formed, which is heated by solar radiation. A moveable insulation can be 
used to reduce heat loss through glazed panes during nights. There could be 
variations in detailing of roof air heating systems. In the Himachal Pradesh 
State Cooperative Bank building, south-glazing is in the form of solar 
collectors warming the air and a blower fan circulating the air to the interior 
spaces. 



Parr section 
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Sunspaces 

A sunspace or solarium is the combination of direct and indirect gain sys¬ 
tems. Solar radiation heats up the sunspace directly, which, in turn, heats up 
the living space (separated from the sunspace by a mass wall) by convection 
and conduction through the mass wall. In the northern hemisphere, the basic 
requirements of buildings heated by sunspace are (1) a glazed south-facing 
collector space attached yet separated from the building and (2) living space 
separated from the sunspace by a thermal storage wall. Sunspaces may be 
used as winter gardens adjacent to the living space. The Himurja building in 
Shimla has a well-designed solarium on the south wall to maximize solar 
gain. 

Advanced passive Before the turn of the century, buildings were designed to take advantage of 
COOiing techniques daily temperature variations, convective breeze, shading, evaporative cooling, 
and radiation cooling. However, with a thoughtless imitation of the west, 
these concepts took a back seat and buildings became energy guzzlers. Today, 
with high energy costs and growing environmental concerns, many of these 
simpler techniques are once again becoming attractive. Passive cooling 
systems rely on natural heat-sinks to remove heat from the building. They 
derive cooling directly from evaporation, convection, and radiation without 
using any Intermediate electrical devices. All passive cooling strategies rely 
on daily changes in temperature and relative humidity. The applicability of 
each system depends on the climatic conditions. 

The relatively simple techniques that can be adopted to provide natural 
■cooling in the building have been elaborated earlier. 

These design strategies reduce heat gains to internal spaces.This section 
briefly elaborates the passive techniques that aid heat loss from the building 
. by convection, radiation, and evaporation, or by using storage capacity of 
surrounding spaces, e.g. earth berming. 

Ventilation 

Outdoor breezes create air movement through the house interior by the 
‘push-pull* effect of positive air pressure on the windward side and negative 
pressure (suction) on the leeward side. Good natural ventilation requires 


Section of tne WBREDA office ^ 
building showing ventilation 
strategies 
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locating openings in opposite pressure zones. Also, designers often choose to 
enhance natural ventilation using tall spaces called stacks in buildings. With 
openings near the top of stacks, warm air can escape whereas cooler air 
enters the building from openings near the ground. Ventilation by creating 
stacks has been effectively used in the office building of the West Bengal 
Renewable Energy Development Agency in Kolkata. Located in a warm 
humid climate, induced ventilation was a primary design strategy for this 
building. 

Innovative ventilation strategies by use of building-integrated solar chim¬ 
neys have been used in Sudha and Atam Kumar’s residence in the composite 
climate of New Delhi. 

The windows, as discussed earlier, play a dominant role in inducing in¬ 
door ventilation due to wind forces. Other passive cooling techniques that 
induce indoor natural ventilation and are used by architects to achieve pas¬ 
sive cooling are discussed below. 


Building-integrated solar 
chimney in Sudha and Atam 
Kumar's residence in New 
Delhi for effective ventilation 
especially during humid 
season. The inset snows a 
closer view of the chimney top 



Wind tower 

In a wind tower, the hot air enters the tower through the openings in the 
tower, gets cooled, and thus becomes heavier and sinks down.The inlet and 
outlet of rooms induce cool air movement. In the presence of wind, air is 
cooled more effectively and flows faster down the tower and into the living 
area. After a whole day of air exchanges, the tower becomes warm in the 
evenings. During the night, cooler ambient air comes in contact with the 
bottom of the tower through the rooms. The tower walls absorb heat during 
daytime and release it at night, warming the cool night air in the tower. Warm 
air moves up, creating an upward draft, and draws cool night air through the 
doors and windows into the building. The system works effectively in hot 
and dry climates where diurnal variations are high. The Jodhpur Hostel, 
designed by Dr Vinod Gupta, uses wind tower for summer cooling. 

A wind tower works well for individual units not for multi-storeyed apart¬ 
ments. In dense urban areas, the wind tower has to be long enough to be able 
to catch enough air. Also Drotection from driving rain is difficult 




Energy efficiency in architecture an overview 



Courtyard effects 

Due to incident solar radiation in a courtyard, the air gets warmer and rises. 
Cool air from the ground level flows through the louvred openings of rooms 
surrounding a courtyard, thus producing air flow. 

At night, the warm roof surfaces get cooled by convection and radiation. If 
this heat exchange reduces roof surface temperature to wet bulb temperature 
of air, condensation of atmospheric moisture occurs on the roof and the gain 
due to condensation limits further cooling. 

If the roof surfaces are sloped towards the internal courtyard, the cooled air 
sinks into the court and enters the living space through low-level openings, gets 
warmed up. and leaves the room through higher-level openings. However, care 
should be taken that the courtyard does not receive intense solar radiation, 
which would lead to conduction and radiation heat gains into the building. 
Intensive solar radiation in the courtyard also produces immense glare. 

Earth air tunnels 

Dally and annual temperature fluctuations decrease with the increase in 
depth below the ground surface. At a depth of about 4 m below ground, the 
temperature inside the earth remains nearly constant round the year and is 
nearly equal to the annual average temperature of the place. A tunnel in the 
form of a pipe or otherwise embedded at a depth of about 4 m below the 
ground will acquire the same temperature as the surrounding earth at its 
surface and. therefore, the ambient air ventilated though this tunnel will get 
cooled in summer and warmed in winter and this air can be used for cooling 
in summer and heating in winter. 
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Earth air tunnel has been used in the composite climate of Gurgaoninthe 
RETREAT building. The living quarters (the south block of RETREAT)« 
maintained at comfortable temperatures (approximated between 20 *Cand 
30 *C) round the year by the earth air tunnel system, supplemented, when¬ 
ever required, with a system of absorption chillers powered by liquefied 
natural gas during monsoons and with an air washer during dry summer. 
However, the cooler atr underground needs to be circulated in the living 
space. Each room in the south block has a solar chimney . warm air rises an., 
escapes through the chimney, which creates an atr current for the cooler air j 
from the underground tunnels to replace the warm air Two blowers installed 1 
in the tunnels speed up the process The same mechanism supplies warmait ■ 
from the tunnel during winter 

Evaporative cooling 

Evaporative cooling lowers indoor air temperature bv evaporating water his 
effective m hot ana dry climate where the atmospheric humidity is low. In 
evaporative cooling, the sensible heat of air is used to evaporate water, 
thereby cooling the air, which, in turn, cools the living space of the building, 
Increase m contact between water and air increases the rate of evaporation. 

The presence of a water body such as a pond. lake, and sea near the build¬ 
ing or a fountain in a courtyard can provide a cooling effect. The most com¬ 
monly used system Is a desert cooler, which comprises water, evaporative 
pads, a fan. and pump. Evaporative cooling has been tried as a roof-top 
installation at the Solar Energy Centre. Gurgaon. However, the system has 
now become defunct due to poor water supply in the area. 

Passive downdraught cooling 

Evaporative cooling has been used for many centuries m parts of the Middle 
East, notably Iran and Turkey. In this system, wind catchers guide outside al 
over water-filled pots, inducing evaporation and causing a significant dropl 
temperature before the air enters the Interior. Such wind catchers become 
primary elements of the architectural form also. Passive downdraught 
evaporative cooling is particularly effective in hot and dry climates. It has 
been used to effectively cool the Torrent Research Centre in Ahmedabad. 
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Daylighting 

Daylighting has a major effect on the appearance of space and can have 
considerable energy-efficiency implications, if used properly Its variability 
and subtlety is pleasing to the occupants in contrast to the relatively monoto¬ 
nous environment produced by artificial light. It helps to create optimum 
working conditions by bringing out the natural contrast and colour of ob¬ 
jects. The presence of natural light can bring a sense of well being and aware¬ 
ness of the wider environment. Daylighting is important particularly in 
commercial and other non-domestic buildings that function during the day. 
Integration of daylighting with artificial lighting brings about considerable 
savings in energy consumption. 

A good daylighting system has a number of elements, most of which must 
be incorporated into the building design at an early stage. This can be 
achieved by considering the following in relation to the incidence of daylight 
on the building. 

■ Orientation, space organization, and geometry of the space to be lit 

■ Location, form, and dimensions of the fenestrations through which day¬ 
light will enter 

■ Location and surface properties of internal partitions that affect daylight 
distribution by reflection 

■ Location, form, and dimensions of shading devices that provide protection 
from excessive light and glare 

■ Light and thermal characteristics of the glazing materials. 

Daylight integration is an important aspect of energy-efficient building 
design, and most of the case studies covered in this book have innovative 
daylighting strategies. 
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Landscaping 


Retreat landscaping 


Shrubs or small trees can be used to shade air 
conditioning unit to improve its performance, However, 
plants should not be closer than 1m to the compressor 
for good airflow and access. 

Ambient air adjacent to the wall is lower by 2-2.5 deg C 

lower than in unshaded areas 

The temperature above ground cover will be 5-fi”C 

cooler than above a heat absorbent material such as 

asphalt. 

Water acts as a very good modifier of microclimate, 
especially in hot dry climate. In humid climate*, 
they should be avoided as they add to humidity. 




w. 


Deciduous bees on 
south for reduce 
summer gains and 
allow winter gams 
Wind breaks on the 
north and north-east 
for protection against 
cold winds. 


Water as a climate modifier 

■ Water cools the 
ambient by 
evaporative cooling 
and is particularly 
effective in hot and 
dry conditions. 

■ Should be avoided 
in humid situations 


Surface to volume ratio 


■ The more compact the shape, the less 
wasteful it is in heat loss and gain, 

■ In hot, dry and in cold climates, the buildings 
are compact in form with low surface to 
volume ratio to reduce heat gains and losses 
respectively. 
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Effect of insulation in Retreat 

■ Expended polystyrene Insulation 40mm thick on walls, with 
welded wire mesh covenng and 1:4 coarse sand plaster coating, 
18 mm thick. 

■ Expanded Vermlailite concrete (density of vemiiculite Is 
250kg/cu.m) mix, with water laid to slope. 

■ Location oMnsulabon and Its optimum thickness is very 

important e.g. In hot climate Insulation is placed on the outer 
lace (faang exterior) to wall so that the thermal mass oT wall Is 
weakly coupled with external source and strongly coupled with 
Interior. _ 

redueeditfe 

cooling loiida'tj 

by 


Fenestration and shading 
devices 

■ Windows are most vulnerable to heat gains and 
losses. 

■ Heat gain through glazed surfaces determined by the 
direct gain component (defined by shading 
coefficient) and U- value 

■ Window size and location should be determined by: 

- Orientation 

- Glazed area 

- Glazing type 

- external shading 

- wind direction 


Window design optimization- 
WBPCB building 



Advanced concepts 
- Heating 
-Cooling 



















































i Cooling 
Ventilation 
Solar chimney 
Wind tower 
Earth tunnel 
Earth berm 
Evaporative cooling 


Passive cooling techniques- 
Ventilation 


Creates air movement 
by 'push-pull' effect of 
positive air pressure on 
the windward side and 
suction from the 
leeward side. 

■ Windows (locations, 
sizes on opp faces, 
shading, internal 
partitions) 
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Solar chimney 


■ Uses stack effect, but 
chimney deliberately heated 
by solar radiabon. 

■ Space detached from the 
main building. 

■ Advisable for regions with 
low wind speed. 

■ Could be roof or wall 
integrated. 

■ Could be coupled with other 
natural conditioning systems 


Wind tower 


sfifeiBL' : 


8 * 1(8 


■ Daytime- outside air enters 
through the openings, gets 
cooled, becomes heavier 
.sinks down and into the 
rooms and vented out 
through the windows 

■ Nighttime-the tower warms 
up, draws in cooling air 
through the windows and 
creates upward draught. 





















Earth air tunnel/earth berming 


■ Because of the thermal 

storage capacity of the .. . 

earth, the daily and annua 

temperature fluctuations cr ~*:****- m t2£„ 
remain constant with 

increasing depth oelow , , ■ - 

ground surface. *■ •• 

a Water table plays an __ 

important role. _ ~ SEC 

■ Earth berming, earth ai ■ .vi^'WVv ^ a( ® 
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Evaporative cooling 


■ Sensible heat of air 
used to evaporate 
water. 
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Basic Principles of Solar 
Enertiv and its Utilization 
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Solar Radiation 

• Beam Radiation 

• Diffuse radiation 

■ Reflected Radiation 




Instruments Used for Measurements 


♦ Beam or Dill use Radiation 

♦ Normal Radiation 

♦ Night time Solar Radiation 

♦ Duration of Sunshine 


: Pyranometer. 
Suryamapi 
: Pyrheliometer 
■ Pygeomcter 
• Sunshine Recorder 
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Solar Energy 
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Utilization of Solar Energy in Buildings 


Introduction 

All buildings have a primary' function to enclose space to provide an internal environment, 
suitable for habitation. This in turn requires provision of comfort conditioning and other 
allied services. Essentially, then, in cold periods, the need is to collect and store heat (or 
thermal energy) for distribution whenever and wherever required. Similarly, in warm periods 
the need is to avoid overheating from direct solar radiation or unwanted internal heat gains 
from appliances and people, and to dissipate heat by natural ventilation or by other means of 
natural cooling. 

The long-term objective is to reduce building energy loads in a cost-effective manner 
such that renewable sources of energy can meet and exceed energy demands in the building. 
The first step is the reduction of loads through passive solar, climate-sensitive strategies. 
Remaining loads may then be met by other renewable resources, such as solar energy. 

Sunlight-solar energy-can be used to generate electricity, provide hot water, and to 
heat, cool, and light buildings. Solar energy can be employed in number of ways in buildings 
to accomplish the aforementioned tasks. Buildings can have their heating and cooling needs 
met by Sun in two ways: 'Passive' or 'Active'. Passive solar architecture relies on the design 
or architecture of the building to ensure climate control, through natural conduction, 
convection, and radiation. Active solar features use other sources of energy as well. 

Thus, passive solar design can cost effectively provide space heating; photovoltaics can 
supply auxiliary electricity; solar thermal systems can provide energy for heating water for 
domestic use or for space heating; and transpired solar collectors can preheat air for a 
building's ventilation system. 

Passive Solar Features 

Buildings designed for passive solar and daylighting incorporate design features such as large 
south-facing windows and building materials that absorb and slowly release the sun's heat. 

No mechanical means are employed in passive solar heating. Incorporating passive solar 
designs can reduce heating bills as much as 50 percent. Passive solar designs can also include 
natural ventilation for cooling. 

In cold climates, south-facing windows designed to let the sun's heat in while 
insulating against the cold are ideal. In hot and moderate climates, the strategy is to admit 
light while rejecting heat. Interior spaces requiring the most light, heat, and cooling are 
located along the south face of the building, with less used space to the north. Open floor 
plans allow more sun inside. 

The simplest passive design is the direct gain system in which the sun shines directly 
into a building, heating it up. The sun's heat is stored by the building s inherent thermal mass 
in materials such as concrete, stone floor slabs, or masonry partitions that hold and slowly 



release heat. With indirect gain systems, thermal mass is located between the sun and the 
living space. 



Trombe wall is one of these devices. A Trombe wall consists an 8- to 16-inch thick masonry 
wall coated with a dark, heat-absorbing material and covered by a single or double layer of 
glass, placed from about 3/4" to 6" away from the masonry wall. Heat from the sun is stored 
in the air space between the glass and dark material, and conducted slowly to the interior of 
the building through the masonry. Adding a Trombe wall and south-facing windows is an easy 
way for a home to take advantage of solar heat. 



South-facing sunrooms are often added on as a way to retrofit a home to take advantage of the 
sun's heat and light. It is also possible to use a sunroom to help ventilate the rest of the house. 
Lower vents from the sunroom to the interior rooms draw air through the living space to be 
expelled out the upper vents to the outside along the top of the sunroom. 

Many passi\e solar designs include natural ventilation for cooling. One of passive solar 
cooling devices is the thermal chimney , which can be designed like a smoke chimney to vent 
hot air from the house out through the roof. A thermal chimney employs convective currents 
to draw air out of a building. By creating a warm or hot zone with an exterior exhaust outlet, 
air can be drawn into the house ventilating the structure. 



Photovoltaics are particularly useful for helping to meet peak cooling loads in buildings, since 
their power output reaches a maximum at midday, when cooling loads are greatest. The best 
strategy when considering a PV system is to integrate it into the initial design of the building. 
Building-integrated photovoltaic materials are manufactured with the double purpose of 
producing electricity and serving as construction materials. They can replace traditional 
building components, including curtain walls, .-kvlights. atrium roofs, awnings, roof tiles and 
shingles, and windows. 



PV systems can also be easily retrofitted onto existing buildings, on rooftops, on added 
awnings, on solariums, or on nearby land, if it is available. 

PV could be used to power emergency lights, outdoor lights, and swimming pools etc. 
In fact, now solar-charged detection circuits are available that automatically turns on the light 
when triggered by heat or motion, then turns off once the movement is stopped. 








Passive solar heating is best incorporated into a building during the initial design. The whole 
building design approach evaluates passive solar heating/cooling in the context of building 
envelope design (particularly for windows), daylighting, and heating and cooling systems. 
Window design, and glazing choices in particular, are critical factors for determining the 
effectiveness of passive solar heating. In cooler climates, large south-facing windows are used, 
as these have the most exposure to the sun in all seasons. 

Solar Photovoltaics 

Photovoltaic (solar cell) systems convert sunlight directly into electricity. A solar or PV cell 
consists of semiconducting material that absorbs the sunlight. The solar energy knocks 
electrons loose from their atoms, allowing the electrons to flow through the material to 
produce electricity. PV could be used in buildings, either as stand-alone or grid-connected 
systems. 

Stand-alone systems are those with no connection to the utility grid. A stand-alone 
residential system consists of solar panels, a battery to store power for use at night, and a 
device called an "inverter" to allow conventional appliances to be powered by solar electricity. 
Batteries are relied on to store power for use at night and during periods of limited sun. Using 
PV systems instead of generators is now an affordable alternative on residential and 
commercial buildings in remote locations. Where utility power is available, a grid-connected 
PV system can supply some of a building's electricity needs. Surplus electricity is exported to 
the utility's grid, then is bought back when the building’s PV system is not producing 
electricity. This arrangement allows the system to use the utility as a back-up supply in place 
of batteries. 






Solar Thermal 

Solar thermal systems use the heat ot the sun to provide hot water for domestic uses and for 
heating swimming pools etc. Solar water heating systems for buildings have two main parts: a 
solar collector and a storage tank. The solar collector works on the principle of greenhouse 
effect wherein short-wave solar energy (sunlight) is collected through glazing and the long 
wave radiation (heat energy) is prevented by the glazing from leaving the enclosure. 

A flat-plate collector is a large, shallow box—typically mounted on a roof—which heats 
water using the sun's energy. A typical flat-plate collector is a metal box with a glass or plastic 
cover (or glazing) on top and a dark-colored absorber plate on the bottom. The sides and 
bottom of the collector are usually insulated to minimize heat loss. Sunlight passes through 
the glazing and strikes the absorber plate, which heats up, changing solar energy into heat 
energy. The heat is transferred to water passing through pipes attached to the absorber plate. 
Absorber plates are commonly painted with "selective coatings," which absorb and retain heat 
better than ordinary black paint. Absorber plates are usually made of metal—typically copper 
or aluminum—because the metal is a good heat conductor. To move the heated fluid between 
the collector and the storage tank, a system either uses a pump (active system) or gravity 
(passive system), as water has a tendency to naturally circulate as it is heated. 

An active system is one where the exchange fluid is actively pumped from the storage 
tank through the collectors and back into the tank. An electronic controller, a pump, valves 
and other components are needed for its operation. The passive solar water heater is known 
by many names; Thermo siphon Systems, Batch Heater or Breadbox are the most common. 



Thermo siphon System 







Thermo siphon Systems use the natural tendency of heated water to rise and cooler water to 
fall to perform the heat collection task. As the sun shines on the collector, the water inside the 
collector flow-tubes is heated. As it heats, this water expands slightly and becomes lighter 
than the cold water in the solar storage tank mounted above the collector. Gravity then pulls 
heavier, cold water down from the tank and into the collector inlet. The cold water pushes the 
heated water through the collector outlet and into the top of the tank, thus heating the water 
in the tank. 



Reflective layer 


Batch type water heater 

Batch water heaters, also known as ‘breadboxes’ are very simple passive systems for 
heating water using solar energy and have been used since the early 1900’s. Batch svstems 
consist of black storage tanks contained within an insulated box that has a transparent cover. 
Cold water is added to the hot water stored in the tanks whenever hot water is removed. 

Systems that use fluids other than water in the collector's tubes usually heat the water 
by passing it through a coil of tubing in the tank. 

Many large buildings can use solar collectors to provide more than just hot water. 
Solar process heating systems can be used to heat these buildings. 




Solar space heating 


Solar swimming pool heaters are one of the simplest methods of solar heating. Large areas of 
solar collectors are positioned on the roof. Pool water is pumped through the collector, 
gaining heat as it travels through the collectors’ piping. 

In addition to aforementioned applications, solar thermal energy can also be used for 
cooking purposes. The box cooker, which is the simplest and the cheapest solar cooker type, 



South facing kitchen wall 


Cooker drawer opened 
from inside the kitchen 



QiiiiHinn inteorated solar cooker 














consists of an insulated box with a double glass cover. This cover acts as a solar energy trap by 
exploiting the greenhouse effect. Solar radiation passes through the glass cover, and is 
absorbed by the walls, the bottom of the cooker and the cooking utensils. The darker the pots 
and the inside of the cooker are, the better they are heated. To maximize the heating effect, 
the cooker's walls, and the outer side of the cooking pots are painted black. To increase the 
incoming solar radiation, reflector, such as mirror, is used. With innovative designs, it is 
possible to integrate solar cooker with the kitchen itself, provided kitchen wall is south facing. 

Ventilation Preheating 

A solar ventilation system can be used in cold climates to preheat air as it enters a building. 
Ventilation preheating systems, also known as transpired solar collectors, are ideal for 
buildings with large ventilation (including corridor ventilation for high-rise apartments) 
requirements. The transpired solar collector is a simple concept. It comprises a metal sheet; 
perforated (with numerous tiny holes) and painted black or some other dark color that fits the 
building design. This sheet is mounted on a sunny, south-facing wall, leaving space between 
the main building wall and the metal. A fan is used to suck air through the tiny holes. The 
dark metal absorbs the solar heat. The fan pulls the fresh air into the plenum, heating it and 
drawing it into the building's ventilation system. 

Conclusions 

The up-front installation costs of solar systems can be relatively expensive. But this cost is 
quickly attenuated by the fact that the systems use no fuel and require little maintenance. 
Although the actual economics of installing a solar system depend on many variables and on 
local conditions; in terms of life-cycle costs, solar thermal systems are very attractive. Besides, 
in last few years, solar systems have taken great strides in terms of versatility, quality, and 
reliability. Therefore, now there exists a strong case for incorporating 'solar in to building- 
design. 



Photovoltaic- a short description 


Photovoltaic (PV) technolog) based on solar cells provides one of the most environmental!) 
friendl) routes tor generation of electrint). Solar cells are semiconductor de\ ices, which convert 
sunlight into electnat) directls without involving am moving parts. This is clone bv utilizing the 
electrical properties of natural materials when thev are exposed to sunlight. 

A short overview of its development 

Becquerel in 1839 discovered the development of Photov oltage when light was directed onto one of 
the electrodes in an electrolvte solution. In 18' 7 ' 7 . Adams and Da> observed the Photovoltaic (PV) 
effect in selenium. Early solid-state researchers including Lange. Grondalil and Shottkv did 
pioneering vvork on selenium and cuprous oxide solar cells. In the year 1954, research results were 
published in scientific literature on the use of PV effect for energv conversion. In 1958, the first 
solar powered satellite was sent to the orbit. Solar cells satisfied the requirements of long- lasting 
and light-weight power sources for space applications. In addition, they worked most efficient!) in 
uninterrupted sunlight available in outer space. 

Although solar cells were extensivelv used for power generation in space applications, their 
use in terrestrial applications started only after the oil crisis of the seventies. Since then, PV has 
posted impressive growth on all fronts. Technologically, conversion efficiencies of PV module have 
improved from 8-9% in 1980 to 14% currently. During the same period, costs per peak watt have 
come down from US$25 to US$ 4. Simultaneously, global market has to 278 MWp annually with 
the aggregate market nearing more than lGWp. The structure of the market has also changed from 
earl)' demonstration projects which focussed on the promotion of technolog), to a current 
approach where the emphasis is on product and applications, and consequently on payment for 
services. Today the technology is considered one of the safest and most reliable alternate powei 
generation technologies that can be used for a variety of applications in different modes. 

About the Technology 


BY Devices 

The fundamental power unit of a PV system is the solar cell, which is an electrical device, made of 
semiconductor material. Each cell or a PV device has minimum two layers of dissimilar 
semiconductor material that create an electromotive force at their junction. The cell works by 
pushing free electrons generated by Photons of incident radiation due to this force. Different types 
of semiconductors can be used in a variety of physical states viz; single crystal, polyciystalline or 
amorphous/thin films to fabricate solar cells. 

Crystalline silicon (single or multi-crystalline wafers) is the most common semiconductor 
material used in PV devices. It has the longest history and strongest technology base, and it still 
dominates the global PV market. The choice of PV material is driven by two factors viz; higher 
sunlight to electrical conversion efficiency and low processing cost ultimately leading to overai 
cost reduction in PV systems. Although crystalline devices are general!) more efficient, tli.n-f.lm 
devices compete with them for their lower cost. In addition, there are valid concerns about the 
availability of high-grade material at suitable prices to meet the growing PV market bv crystalline 
silicon alone despite the fact that silicon is abundant in nature. Thin- film technolog)' where a \ ety 
thin layer of PV material is deposited over a substrate, is increasing!)' regarded as the preferred 




This approach is preferred over the cost-benefit analysis approach because the later 
depends upon assigning a monetary value to the benefits of each system. In the case of PV. benefits 
are often social in nature and hence it may be difficult to quantify the economic returns. 

To give an example of comparing PV with diesel generator using life-cycle costing, one has 
to consider the analysis period of 20 years because the life of PV modules is 20 years. Life of the 
diesel generator might last only 10 years. In addition to the initial cost (which is high for PV), one 
must calculate the cost of replacing diesel generator after 10 years, and 20 years worth of fuel 
which must be included in the diesel option. The costs of maintenance and repair for the two 
systems over the whole 20 year cycle should also be included to determine the better option. 

Presently, there are hidden and direct subsidies available to fossil fuels. Kerosene is 
subsi dized in most developing countries. Transmission and distribution losses, cost for 
replacement of the plant etc. are not considered. As a result, there is little incentive for any private 
or public sector to invest in energy source if cheaper options are av ailable. To have an unbiased 
comparison between PV and other conventional energv supply options, real costs of all t>pe of 
energy generation must be available. In addition, all externalities such as environmental 
degradation, resource depletion, wealth creation etc. should be considered. 

Government policy 

The policy on SPV is clearly directed towards a greater thrust on all aspects of SPV technology and 
applications. The recent policy measures provide excellent opportunities for increased investment 
in this sector, technology upgradation, induction of new technologies, market development and 
export promotion. MNES provides a capital subsidy of up to 50% of the ex-works cost of certain 
systems covered under demonstration and utilization programme. Table 2.2 gives a pattern of 
financial assistance for the 1999-2000 programme. 

Besides the subsidies, there are a host of benefits available to both manufacturers and 
users of PV systems. These are: 

■ 100% depreciation for tax purposes in the first v ear of the installation of the systems; 

■ no excise duty on manufacturers of most of the finished products; 

■ low import tariffs for several raw materials and components; and 

■ soft loans (2.5%-7.5%) to users, intermediaries and manufacturers 


Pattern of financial assistance on SPV systems 



SPV System 

Approx, cost 

Central Subsidy 

Service 



(in Rs) 


charge (Rs) 

1 

Solar Lantern 

4 000 

Rs 1500 /- (fixed) 

100 

2 

Solar Home System 

12 000 

Rs 6,000 or 50 % of ex-works cost, 

whichever is less 

200 

3 

Street Lighting 

System 

24 000 

Rs 12,000 or 50 % of Ex-works 

cost whichever is less 


4 

Power Plants & Other 
systems 

3 - 4 lac per 
kW p 

Rs 2.00,000 / kWp of PV array 
capacity or 50 % of Ex-works cost, 

which ever is less 

10 000 

5 

PV water pumping 
systems 

200 per Wp 

Rs 125 per Wp of PV array used . 
subject to a maximum of Rs 

2,50,000 per system 

































Definition of the output 


Wp = 

Watt peak 

n = 

efficiency 

Wp = 

watts output at standard test 
conditions (STC) 


Cell operating temperature = 25"C 

Insolation =1000W/m* 

Air mass is related to the length of the light 
path through the atmosphere 
r\ =efficiency with which PV cell turns 
sunlight into electricity 


PHOTOVOLTAIC 

3p'' module 





PV Module 




Bloch Diagram of PV System* 
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PV applications 


PV could be used to power 

• Emergency lights 

• Outdoor lights 

• Swimmmg pools lighting etc. 


Basic integration requirements 


• design of the building (Shape, size 
orientation, colour) 

• Mechanical integration (multifunctionality 
of a PV element) 

• Electrical integration (battery storage/grid 
interaction) 

• Operation and maintenance integration 
(O&M for PV must be integrated with 
building maintenance and control) 


Design process 



Screening of site, applications. & buildings 


Building envelope performance requirements 

- Weather condition requirements 

- structural requirements 

- Occupant requirements 

- Town planning and design requirements 

- Emissions requirements 









































Total load requirements of 
example household 
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An example of costs vs. benefits 


Life Cycle Costing 





PV array mmtm . 

•.iinual average daily 


support structure 

energy 


wiring matenal * 

Present selling price of 


Design, installation labour 

electricity 


Operation and maintenance 

Discount rate for 
alternative investment 


Administrative costs 

benefits 


pnce escalation rate . 

Improvement in local 


Annual insurance premium 

environment 

1m 

Discount rate for borrowing 
money 

Loan Pavment -down 

Loan payment ■ installment 

Improvement m global 
environment 


LCC= C + Mpw + Epw +Rpw“ Spw 

Where,PW indicated the present worth of each factor 
C 3 capital cost 
M * maintenance cost 
E = Energy cost (e g fuel cost) 

R = replacement cost (e.g. battery) 

S = salvage value 


Thank you 

for your attention and 
for your interest in SPV 









Solar water heating systems 


Introduction 

Solar energy is an inexhaustible source of energy. The solar constant, defined as radiation received on 
a unit area perpendicular to the direction of propagation of the radiation, at mean earth sun distance, 
is 1353 VV/nK The actual radiation available on earth's surface is lower than the solar constant due to 
clouds as well as attenuation in atmosphere. The average a\ailabilit> of solar radiation in India varies 
from 4-0.5 kWh/in*7day dpending upon geographical location and season. 

Though the solar energy is available easily and for 300 days in a year, there are limitations to 
its use. The main limitation is that it is a dilute source thus requiring larger area for collection. It is an 
intermittent source of energy thus storage is also essential. Thus the real challenge is to optimally 
design the solar water heating system. 

Technology' 

Flat plate collector is the main and most important component of the solar water heating system. A 
flat plat collector is special kind of heat exchanger that transforms solar radiation energy in to heat. As 
shown in the figure I it consist of "black" absorber, a configuration of tube and plate, back insulation, 
top cover and casing. 



Solar radiation is absorbed by the absorber and transferred to the water flowing in the tubes. 
Providing thermal insulation on the backside of absorber reduces the heat losses. The heat gained by 
the water can be expressed as 
Qu = F r Ac [(tcx) G - U L (Tf - Ta)J.CD 

Where Qu - useful energy gain Fr - collector heat removal factor 

Ac - collector area T ■ Transmittance of glass 

tx - absorptance of the absorber plate G - Solar radiation incident on collector 
Ul - collector overall heat loss coefficient 
Tf - Water inlet temperature T„ - ambient temperature 

Thus the efficiency of the collector is 








r\ = FrAc [(tixJ - Ui. (Tf-Ta)/G]. . 

The collector performance is measured by using this equation and presented in the form as shown ii 
figure 2. 



Figure 2 Fiat plate collector efficiency curve 


IVpes of systems 

Depending upon the operation principle the solar water heating sy stems could be classified in to two 
broad categories. 


Thermo syphon systems 

This type of systems work on the principle of natural circulation, water m the collector is heated thus 
the density drops and the water becomes "lighter" and consequent!! it rises tluuugh the collector. This 
hot water is delivered in the hot water storage tank at the tup !r\el while as the cold watei from the 
bottom of the tank flows to the collector. Hot watei from the lank is remuu'd from the top and cold 
water is added at bottom of the hot water tank. The thermo sy phon s\ stems up to .'{000 liters per day 
(lpd) capacity have been installed. 


Forced flow systems 

Majority of the systems installed in India is of open loop force flow t\ pe. As the capacity is higher large 
number of collectors are required and pump is used to circulate water through collectors. The pump is 
controlled by a temperature sensor installed at the end of collector array. 


Designing 

In case of domestic solar water heating systems thumb rule is used i.e. one south-facing collector for 
100-12S lpd hot water requirements. In case of higher capacity s\stems eq. (2) along with the collector 
ffu it ik \ t une (hguie 2) are used to design the solar water heating s\stems. The method generally 
ollowt d h\ ^ <u iuus manufacturers for designing solar watei heating s\ stems is discussed here. This 





method is an approximation. From the collector efficient rune the factors F' (m) (the y-axis 
intercept) and F'l 'L (slope) are estimated. Using equation l the area required for solar systems to meet 
the heating load L 

Ac = L/{F' (ta) G - F,< Ui.(Tfi -Ta)]> 

The load as well as the radiation incident on the collector \ anes during the year. Thus in case of higher 
capacity systems optimization of solar system size is critical. 


Control panel 



Hoi water 

Further the radiation incident on solar collector depends upon the collector tilt angle. 

The radiation receiv ed in the inclined collector is estimated by using tilt factor where 
G = tilt factor *! 

Where G - radiation received on tilted surface & I -radiation on horizontal surface 

The common practice is to keep tilt angel 15" more than the latitude with collector facing south. This is 

referred as "winter optimization" as it maximizes the radiation on collector surface in winter. Effect of 
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Integration 

Due to seasonal variation and conventional heating systems is essential with the solar water heating 
system. Proper integration of solar water heating system with the conventional heating systems is 
essential to optimally utilize the solar water heating system. In case of domestic water heating systems 
it is easier the options are to use the output of SWHS to input of geyser or provider a mixer for hot and 
cold water. In case of higher capacity SWHS integration is generally required with boiler and common 
practice is to use output of SWHS as makeup water in case of closed loop systems. The load pattern 
and requirement, e.g. in some cases part of load is for direct consumption of hot water, required to be 
understood for better integration of system. 

Requirement for installation 

The solar water heating systems requires shadow free area. The area requirement is approximately 2 - 
2.5 m* per 100 lpd capacity. 

Cost and Payback calculations 

The cost of SWHS varies between Rs. 16000 - Rs 18000 per 100 lpd in case of domestic systems. In 
case of higher capacity system the cost varies from Rs 120 -140/ lpd. 


Financing and Incentives/subsidies 

The Indian Renewable Energy Development Agenc) (IREDA) provides loan at lower interest (8%) for 
systems costing more than Rs. 5Lakh. In case of systems with costs less than r» lakh the loan is 
available form some designated banks as well as intermediaries. Further the SWHS are eligible for 
accelerated depreciation in the first year of installation of the project. In addition to this some states 
proride capital subsidy for SWHS. 


Simple payback for domestic SWHS 

Capacity: 100 lpd 

Cost: Rs 18000 

Energy saving: = m Cp AT /(kWh*geyser eff.) 

= 100*4.2*35/(3600*0.8) 

= 5 kWh/day 

Annual savings = 5*270 = 1350 kWh/annum 
= 4050 (@Rs.3.00/unit) 
Payback = 17 000/4 050 = 4.1 year 


m- mass of hot water generated 

Cp - heat capacity of water 
AT - difference between water 
temperature and ambient 


For higher capacity commercial systems: 

Capacity: 1000 lpd 

Cost: Rs 130 000 

Tax benefit @40% of cost: Rs 52 000 

Net cost: Rs 78 000 

Energy saving: = m Cp AT/(Calorific value of oil*boiler eff.) 

= 1000*4.2*35/(40320*0.75) 

= 4.9 lit/day 

Annual saungs = 4.9*300 lit/annum = Rs 20580 (@ Rs.14.00/lit) 
Payback = ->s 000/20 580 = 3.79 years 



Designing and Optimization of Solar Water Heating System 


Introduction 

The complete designing of solar water heating system includes system design. s\stem optimization 
and integration with existing heating system. Different methods have been developed for designing 
the solar systems, ranging from detailed simulation, simple designing methods likef-chart, to rule 
of thumb. At present in India, system designs are mainly based on thumb rules. .Also, they are 
designed for the winter conditions and thus is underutilized in other seasons. For optimum sizing, 
CRF method is used to estimate the levelized cost of heating makeup water. Here, a typical 
situation, requiring integration of solar system with boiler and closed loop pressurized distribution 
of hot water, is considered. Thus, complete designing, optimization and integration approach is 
developed for the utilization of solar water heating system in large hotels as well as for similar 
industrial applications. 

Solar water heating system 

The existing system in the hotel, meeting hot water demand, includes diesel-based boiler and hot 
water storage tanks with dosed loop pressurized distribution system. The total water-heating load 
can be divided into (i) makeup water heating from ambient temperature to 60°C and (ii) heat loss 
due to continuous circulation of hot water in the distribution circuit. The actual amount of hot 
water consumed is equal to the amount of makeup water added in the system. The average 
makeup water requirement is about 40,000 liters per dav.The solar water heating system is 
designed to meet this load of makeup water heating. The efficiency of the existing boiler, with 
high-speed diesel as fuel, is 64%. The collector parameters considered for system designing 
(applicable for the range of flat plate collectors available in India) are: 

FrUi. = 4.2 W/m- 1 Ac = 2 m* 

F r (t<x)= 0.7 

The collector orientation is assumed to be south facing with a tilt angle of 40°. The radiation \ allies 
and ambient conditions for Varanasi are used for designing (Anna Mani & Ranganathan, 1982). 

System Size Optimization 

The parameter used for optimizing the svstem size is the cost of heating makeup water from 
ambient temperature to 60°C. Capital Recov erv Factor (CRF) method is used to estimate the 
levelized cost of makeup water heating. Out of the total makeup water-heating load L, the fraction 
l-/is supplied by boiler, where f is the annual hot w ater generation by solar water heating system. 
The cost of this boiler fuel is included in the estimation, in addition to the operating cost of the 
solar water heating system. Thus, 

Annual cost = annualized capital cost for SWHS + boiler fuel cost + O&M cost + running cost 
From this annual cost of heating makeup water, the levelized cost is estimated. The O&M cost is 
taken as 2% of capital cost, while running cost is the cost of pumping in solar water heating 
system. The accelerated depreciation in the first year is also considered .The optimization was 
carried out at 12% discount rate. The values of optimum collector areas, with the levelized costs, 
are given below: 



0.62 

0.84 

3.66 


Discount rate 12% Boiler fuel cost (Rs in lakh) 

Optimized area (m*) 628 O&M + operating cost (Rs in lakh) 

Capital cost (Rs in lakh) 43.96 Levelized cost of makeup water 

Annualized cost (Rs in lakh) 3.87 Heating (paise/lit) 

System Integration 

The existing system for water heating includes boiler, hot water storage tanks and a pressurized 
closed loop distribution system, as shown in figure 1. The pressure on the distribution side is 
maintained b) operating the booster pump continuous!). Also, when the temperature in the 
storage tanks depose below 55°C, the boiler is fired to maintain the temperature and makeup water 
is added whenever the water level in the tank drops belov* a certain level. Thus the pressure and 
temperature in the distribution network is always maintained. Solar water heating system thus can 
only be used to provide the pre-heated makeup water. Any other arrangement of introducing hot 
water into the pressurized closed loop distribution system will require complicated controlling 
mechanism for maintaining pressure and temperature in the hot uater distribution circuit. 


Overhead Hot water storage 
tanks 



Proposed solar water heating system 


Figure 1 Line diagram of existing water heating arrangement with proposed SWHS 






















Inferences and discussion 

It was observed that the simple payback period \anes imearlv with absorber area, between 2.8 to 
3.2 years. System optimization using these parameters is not possible. Thus, tor optimization of 
system size, levelized cost of heating makeup water is used. It was found that the optimum system 
size depends upon the collector parameters and the ambient conditions. Variation in the le\elized 
cost with absorber area from 300 nv to 800 m- shown in figure 2. The optimum svstem size is 
found to be 628 nv of absorber area. In this fashion, based on the applicable discount rate, the 
optimum size of the solar water heating system can be obtained 



Absorber area sq. m 
Figure 2: Levelized cost variation with absorber area 

The system size estimation done by the conventional methods, the absorber area works out to be 
7C0-720 m*. These systems are designed on the basis of ambient conditions in the winter months. 
It is evident that the system with 700 m J absorber area is over designed except for four monsoon 
months and two extreme winter months. 

Nomenclature 

Ac - absorber area (m*) 

Fr - collector heat removal factor 

/ - fraction of load supplied b\ solar heating svstem 

Ht - monthly average daily radiation incident on absorber (.J/m-0 
L - makeup water heating load (./) 

N - days in month 

Ta - monthlv average ambient temperature 

T nf - empirically derived reference temperature (100°C) 

t* - number of seconds in month 

Ul - collector overall heat loss coefficient (W/m* °C) 

ta - transmittane absorptance product 
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Harnessing Solar Energy 

THE TWO BASIC METHODS OF HARNESSING 
SOLAR ENERGY ARE THROUGH 

1. SOLAR THERMAL SYSTEMS AND 

2. SOLAR ELECTRIC SYSTEMS. 


Solar thermal systems convert the radiant energy of 
the sun into heat, and then use that heat energy as 
desired 

Solar electric systems convert the radiant energy of 
the sun directly into electrical energy, which can then 
be used as most electrical energy is used today 


SOLAR THERMAL SYSTEMS 

How do they work? 

LOW TEMPERATURE SOLAR THERMAL TECHNOLOGIES 
ESPECIALLY THOSE THAT DO NOT GENERATE 
ELECTRICITY RELY ON THE SCIENTIFIC PRINCIPLES 
BEHIND THE GREENHOUSE EFFECT TO GENERATE 
HEAT 

ELECTROMAGNETIC RAOIATION FROM THE SUN 
INCLUDING VISIBLE AND INFRA RED WAVELENGTHS 
PENETRATES INTO THE COLLECTOR WHICH IS 
ABSORBED BY THE SURFACES INSIDE THE 
COLLECTOR 

ONCE RADIATION IS ABSORBED BY THE SURFACES 
WITHIN THE COLLECTOR THE TEMPERATURE RISES 
THIS INCREASE IN TEMPERATURE CAN BE USED TO 
HEAT WATER 



SHORT-WAVELENGTH 
RADIATION FROM SUN 


GLAZING 


LONG WAVELENGTH ? 
RADIATION RE-EMITTED! 
BY ABSORBER PLATE j 


I - - J 
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GREENHOUSE.EFFECT INSIDE A 
SOLAR FLAT PLATE COLLECTOR 


DOMESTIC SOLAR HOT WATER 
SYSTEMS 



DOMESTIC SOLAR HOT WATER SYSTEMS 
CAN BE DIVIDED INTO TWO GROUPS' 

• FLAT PLATE COLLECTORS TYPE 

• BATCH TYPE WATER HEATERS 

FLAT PLATE COLLECTORS (FPCs) ARE THE MOST 
COMMONLY USED ARRANGEMENT FOR DOMESTIC 
SYSTEMS AND AS SUCH WILL FORM THE LARGEST 
SECTION OF THIS INFORMATION 



















Sustainable development 


itreat: a unique experience in 
sustainable building design 


Mill Majumdar 


■ Sustainable development is 
development that meets the needs 
of the present without 
compromising the ability of future 
generations to meet their own 
needs 

- Brundtland commission 



Sustainable habitat at Gual pahari: 
Macro and micro planning 
considerations 


Macro: 

•Water harvesting 
•Minimal depletion of plant cover 
•Minimise transportation lengths: reduce 
vehicular traffic 

•Minimise wastage in planning for service 
Infrastructure ( water, waste, telecom) 
•Untouched natural habitats 


FUtU ? ^ I I Micro: 

construction I I Maximise energy and resource efficiency 

Optimise use of renewable sources of energy 
Recycle and reuse 


Why RETREAT? 

■ TERI's vision on sustainable habitat 
transformed to reality 

■ Model habitat design of high equilibrium (with 
high level of thermal and visual comfort) with 
minimal environmental footprint .replicable in 
part or whole 

a Addressing various issues related to 
building/habitat design and seek environment 
friendly answers to these. 

■ Showcase energy efficient options which are 
cost effective as well as environment friendly 

■ Leam and disseminate 


Sustainable habitat-zero 
energy in, zero waste out 

■ Minimize demand (use of passive techniques suitable for 
the particular climate) 

■ Use of environment friendly construction materials and 
techniques 

■ Meet the loads by efficient equipment 

■ Use of onsite sources and sinks 

■ Meet part of the load by renewable energy sources ( 
determined by techno-economic viability) 

■ Minimize generation of waste and recycle waste 

■ Maximise water conservation and waste water 
treatment 
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TERI's Training Hostel: a 
sustainable habitat 


30 bed room with conference hall, library etc. 

Insulation 

Orientation 

Earth air tunnel 

Solar chimney 

Solar heating - both space and water 
Energy efficient lighting 
Gasifier/PV hybrid system 
Energy plantations 

Water recycling through root zone technigue 


Retreat load optimization :lightinc 

) 

Lighting design steps 

Designed for recommended 
general and taskjkimlnatton levels 

Energy efficient lamps and accessories 
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Daylight integration and control 
strategies 






































Space conditioning by Earth Air 
Tunnel 



MS) MS 


■ At 4 m below ground the 
temperature remains 
constant throughout the 
year equal to annual 
average temperature or the 
place. For New Delhi It is 
25.6 deg C. 

■ Multiple speed blowers 
provide for EAT for better 
regulation of air flow and 
for power savings 

■ Solar chimney with a flat 

plate collector on top is 
provided with each south 
block room to create draft 
and for hot air exit._ 
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Conventional AC system vs. hybrid system using earth air 
tunnehCumulative casts 


I 
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a Inflation 
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Efficient space conditioning 


a The space conditioning needs 
of the north block met by NHj 
[ based cooling system, 
a Chiller heater combines the 
high operating efficiencies and 
comfort of gas fired advanced 
absorption cooling and gas 
fired hot water heating, 
a Electrical requirement for S 
ton chiller is 1.275 kW and for 
heater is 0.41S kW. 
a IPG used as source for driving 
coollng/heatlng operation, 
a Producer gas from the biomass 
gasifier to substitute LPG In a 
_litter phasr_ 
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M mama 


/Ujjijngoon: 1.2 kg of co2/kWh and 3 kg eo2/kg of LPG 
























Cost of Retreat vis a vis cost of 
conventional building 


Grid connected Retreat 
building 

✓C71nilial cost:354 

Grid connected conventional 
building 

Initial cost: 330 lacs 

Annual energy cost: 27 lacs 

Annual energy cost: 16.5 lacs 


- v „ Off Grid Retreat building 
' v Initial cost:434 lacs 

Annual energy cost: 11.55 
lacs (for wood.gas and diesel) 
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Demonstration for 
replication 

IOCL 

NTPC 

Information Technology park, Chennai 

Vellore Engineering college 

KAIC 

CII 

TERI- Bangalore and TERI- Goa office 
buildings 


Experiences from the Retreat: Applications in private 
residences /housing 

■ Orientation 

■ Landscaping alters wind directions and ambient temperatures 

■ Building insulation/ roof gardens/colors and textures 

■ Windows properly sized and shaded 

■ Place windows to allow cross ventilation. 

■ Placement of rooms (e.g buffer spaces to west) 

■ Detail roof mnovatively to admit maximum daylight 

■ Use efficient lamps, fixtures and controls 

■ Use solar water heating system 


In conclusion. 

i Sustainable habitat design is an 
economically viable solution with 
minimal environmental footprint which 
can drastically reduce our energy 
demand in buildings by 50-60%- 

- reduced demands on the fossil fuels 

- reduced emissions 

- reduced pressure on natural resources e.g 
water. 

- reduced waste generation 

- recycle and reuse 
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Daylighting-Design and integration 
with artificial lighting 


Mili Majumdar 
Fellow 

Energy Environment Technology 
TERI 


Structure of presentation 

• What is daylighting? 

• Design tools for daylight 
integration into buildings 

• Daylighting components. 

• Integration of daylighting with 
artificial lighting 

• Case studies 


Daylighting 

• Daylight is a natural source of light which 
meets all requirements of good lighting 

• Has major effect on the appearance of space 
and energy efficiency implications 

• Variability and subtlety is pleasing to the 
occupants in contrast to the relatively 
monotonous environment produced by 
artificial light. 

• Daylighting is important particularly in day 
use buildings. 


Dayiighting -contd.... 

• The onentation, space organisation, and 
geometry of the space to be lit. 

■ The location, form, and dimensions of the 
fenestration 

« The location and surface properties of internal 
partitions which affect daylight distnbution 

• The'location, form, an dimensions of shading 
devices 

■ The light and thermal characteristics of the 
glazing materials. 


Considerations / requirements 
for daylighting 


Daylight factor method 

• Degree to which dayiighting can be 
implemented 

- Geographical location 

- Site characteristics 


• Light reaching a point inside building 
comprises: direct light, diffuse or skylight, 
externally reflected light and internally 
reflected light. 

• Even distribution of light 


• DF= SC+ERC+IRC= Ei/Eo X100 

• Daylighting impact on the thermal performance 
of the building 

Mechanisms to implement daylighting 

• Vertical windows 


• E, * indoor illumination at the point of consideration 

• E, ■ outdoor illumination from unobstructed sky 
hemisphere 

* Roof lighting 

• Light ducts 

Daylighting linking controls 


* Sky component (SC) - The area of sky visible from 
the pome considered and its average altitude angle 
(luminance of the sky at that angle), window size and 
position in relation t the point, thickness of window 

• Photoelectric switching 


frame, quality of glass and its clearness, and any 

• Photoelectric dimming 


external obstructions. 


1 







• Externally reflected component (ERC) - The area of 
external surfaces visible from the point considered and 
reflectance of these surfaces. 

• Internally reflected component (IRC) - The size of 
the room, the ratio of surfaces (wall, roof, etc.) In 
relation to the window area and reflectance of indoor 
surfaces. 

• For India, It is taken as 8,000 lux for clear design sky 


Daylight design based on results of International daylight 
measurement programme 

• Data required for daylight design 

• Sky illuminance (Diffuse) 

• Solar illuminance (Direct) 

• Sky luminance distribution 

• Hourly variation of illuminance data for different 
latitudes have been determined. 

• Window area determined for a particular latitude and 
lace of building based on: 

• Sky & solar illuminance on horizontal 

• Atmosphere turbidity 

• Ground reflectance 

• Reflectance of room surfaces 

• Net/gross window area (f) 

• Maintenance factor (Mg) 

• Transmittance of glass (T) 

• Reduction due to louvres, etc.s (S) 


Adeline Demo 


Recommended daylight factors 

• Building Area/activity Duylight factor 
(%) 


Dwellings Kitchen 

2.5 

Living room 

0.625 

Study room 

1.9 

Circulation 

0.313 

Schools Class room 

1.9-3.8 

Laboratory 

2.5-3.8 

Offices General 

1.9 

Drawing, typing 

3.75 

Enquiry 

0.625-1.9 

Hospitals General wards 

1.25 

Pathology laboratory 

2.5-3.75 

Libraries Stack room 

0.9-1.9 

Reading room 

1.9-3.75 

Counter area 

2.5-3.75 

Catalogue room 

1.9-2.5 


• For a given general illuminate value of 100 lux 
in a room of area A and room surface area of 
Ar, window area as %age of floor area (F) Is 

hAih \ fit'htllumwm am * tnJit ytunij ■ / a A » A* Ah!"T *bRav ^ 

• The general illuminace indoor will be 
augmented by sky illuminance as contributed 
by visible patch of sky from given location 

• p x sky illuminance x sky factor «fxMg 
xTRS/100. 








Daylighting components 









































































Lighting at Retreat 

Daylight integration with artificial lighting 
Efficient control systems for switching the 
lights off when not required, e.g. a timer to 
switch off the lights in corridors at night, a 
timer to control external lights; key-tag 
switches for guest rooms, and occupancy 
sensors in the public toilets. 

Reducing the number of lamps in guest 
bedrooms by using the swivel-type 
luminaires, which serves as a table lamp for 
reading as well as a bed-side lamp. 













BAMBOO: A PROSPECTIVE LOW-ENERGY BUILDING MATERIAL. 


When 'ac talk about *T.er: 
follow me live J.icu»i. .is , 


;r. efficient budding. ue should consider basically the 
i whole it ue consider total efficiency. 


I neigy 
lucre) 


summed during production of the material used for the building, 
consumed m transportation ol the material for building. 


' I nergy uMivimed tor shaping ot the material and in the system of 
construction 

4 f neigy vonsumed tor living comfort during the use of the building. 

5. Probable energy to be consumed to dissipate the used building material after 
the buiUiimt has lasted tor its life. i.e.. bio-degradable/eco-friendly and energy 
retries aide materials u ill add to the total energy efficiency of the building. 
Bamboo prove, to he a Mutably befitting material for all the above factors. 

Now. what i> pe ot buildings can ue expect from bamboo as the basic building 
material 1 

Because a bamboo house general!) brings the image of a rural house of semi¬ 
permanent or icmporarv nature which is always branded as a low-cost house and with 
the social stigma that bamboo is only poor man's timber. Where will the factor four, 
listed above, i e 1|VA(' (Heating Ventilating Air Conditioning) effect a bamboo 
house ’Can we design a building with bamboo as the basic material, for energy 
efficiency, tor all the components of the building? If yes, how? And if not. to what 
extent ’ 


To explore the possibility of using bamboo in a better and respectful (to 
upgrade the status ot the material) wav a try was made as far back as 1970-71 
followed by tew experiments done intermittently (due to lack of general awareness 
about the mateiul and lack of fund). And then there is a further follow-up by a recent 
venture into the field ot construction, which is still in process. All these have been 
documented m a hook * BAMBOO IN fill: FIELD OF CONSTRUCTION IN 
NOR I i I LAS I INDIA 1 This document asserts that BAMBOO which is as old as 
timber in Nature is a very versatile material and is fast gaining ground while heading 
towards it’s recognition as a suitable building material with it s potential to demand 
for global standardization of technical data on it. 

It is rele\ uni to welcome the global movement for recognition of BAMBOO as 
a suitable building material because it is eco-friendly and highly suitable for energy 
efficiency of a building. 


Ar, Bipul Kumar Das 
Design Nucleus 

R G Barua Road. Guwahatl 781024 



